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results of JIJ^AST 



BLASTP 2.2.9 [May-01-2004] 

Reference : 

Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer, 
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), 
"Gapped BLAST and PSI-BLAST: a new generation of protein database search 
programs", Nucleic Acids Res. 25:3389-3402. 

RID: 1087857020-23039-205662433234.BLASTQ4 

Query= 

(770 letters) 

Database: All non-redundant GenBank CDS 

translations+PDB+SwissProt+PIR+PRF excluding environmental samples 
1,865,463 sequences; 619,299,334 total letters 

If you have any problems or questions with the results of this search 
please refer to the BLAST FAQs 
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Distribution of 100 Blast Hits on the Query Sequence 



Mouse-over to show def line and scores. Click to show alignments 



Color' Key for Rlignnenb Scores 



40-50 f mm 



1 1 j Till ^ I I i I J I I I 1 | I I I I | I I 

100 200 300 400 500 600 700 



Score E 

Sequences producing significant alignments: (bits) Value 



a 



a 



a 



a 



a 



a 



a 



a 



a 



a 



15982958|gb|AAL1 1507.1 1 vacuolar ^-pyrophosphatase [Pru... 1120 0.0 



|3298474|dbj|BAA31 523. 1 1 ovpl [Oryza sativa] 1167 0.0 



|2129950|pir||S61423 inorganic diphosphatase (EC 3.6.1.1)... 1194 0.0 



|15982956|gb|AAL1 1506.1 1 vacuolar ^-pyrophosphatase [Pru... 1186 0.0 



|38488588|dbj|BAD02276. 1 1 vacuolar proton pyrophosphatase... 1144 0.0 



1322841 |pir||JC1 466 inorganic diphosphatase (EC 3.6.1.1) ... 1154 0.0 



136081 71 |dbj[BAA33149. 1 1 proton-translocating inorganic p... 1182 0.0 



|7436046|pir||T14563 inorganic diphosphatase (EC 3.6.1 .1)... 1202 0.0 



|2129948|pir||S61424 inorganic diphosphatase (EC 3.6.1.1)'..". 1172 0.0 



|1103712|emb|CAA58700.1| inorganic pyrophosphatase [Nicot... 1180 0.0 



[7436041 |pir||S72526 inorganic diphosphatase (EC 3.6.1.1)... 1169 0.0 
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31 580801 |gb| AAP5521 0. 1 1 vacuolar proton-inorganic pyroph... 1132 0.0 



7739779|gb|AAF69010.1| ^-pyrophosphatase [Vitis vinifera] 1109 0.0 



7436042|pirl|S72527 inorganic diphosphatase (EC 3.6.1.1)... 1146 0.0 



300271 57|gblAAP06752.1 1 vacuolar proton-inorganic pyroph... 1166 0.0 



18086404|gb|AAL57660.1| At1g15690/F7H2_3 [Arabidopsis th... 1315 0.0 



542059|pir||S42893 inorganic diphosphatase (EC 3.6.1.1) ... 1197 0.0 



25901 033|dbj|BAC41 250. 1 1 vacuolar proton-inorganic pyrop... 1188 0.0 



22532391 |gb|AAM97920.1 1 vacuolar proton-pumping PPase [C... 1179 0.0 



7436047|pir||T14564 inorganic diphosphatase (EC'3.6.1 .1)... 1168 0.0 



1 1 527561 |dbj|BAB1 8681 . 1 [ vacuolar proton-inorganic pyrop... 1157 0.0 



3402487|dbj|BAA32210.1l Vacuolar proton pyrophosphatase ... 1311 0.0 



45479863|gb|AAS66771.1| PPase [Hevea brasiliensis] 1207 0.0 



2827755|sp|P21616|AVP3_PHAAU Pyrophosphate-energized vac... 1171 0.0 



41 023649|emb|CAF1 841 6.1 1 proton translocating pyrophosph... 1140 0.0 



38045977|gb|AAR08913.1| , pyrophosphate-energized vacuolar... 1279 0.0 



38488590|dbj[BADQ2277.1l vacuolar proton pyrophosphatase... 1175 0.0 



2129949[pir||S61422 inorganic diphosphatase (EC 3.6.1.1)... 1190 0.0 



1 8274925|sp|Q06572| AVP3_HORVU Pyrophosphate-energized va... 1153 0.0 



7436043|pir||T07801 probable inorganic diphosphatase (EC... 1178 0.0 



1 521 8279|ref|NP_1 73021 .1 1 pyrophosphate-energized vacuol... 1316 0.0 



1076627|pir||S54172 inorganic diphosphatase (EC 3.6.1.1)... 1203 0.0 



19310433|gb|AAL84953.1| At1g15690/F7H2_3 fArabidopsis th... 1314 0.0 



348949521 ref I NP_90880 1.1 1 putative H+-pyrophosphatase [O... 994 0.0 



33465893jgb|AAQ1 9328.1 1 ^-pyrophosphatase rOryza sativa... 991 0.0 



4126976|dbj|BAA36841.1| vacuolar ^-pyrophosphatase [Cha... 941 0.0 



45267862|gb|AAS55761 .1 1 putative inorganic diphosphatase... 937 0.0 



2118183|pirl|S61425 inorganic diphosphatase (EC 3.6.1.1)... 881 0.0 



14970742|emb|CAC44451 ,i| proton-translocating inorganic ... 833 0.0 



1049255|gb|AAA80347.1l ^-pyrophosphatase 815 0.0 



21 654895|gb|AAK95376.1 1 vacuolar-type proton translocati... 692 0.0 



88861 33|gb|AAF80381 .1| vacuolar-type proton translocatin... 681 0.0 



242141 71 |ref|NP,71 1 652.1 1 Pyrophosphate-energized vacuol... 646 0.0 



1 3661 740|gb|AAK38077. 1 1 H+-translocating inorganic pyrop... 6T[ e-173 



13661738|gb|AAK38076.1| H+ -trans locating inorganic pyrop... 610 e-173 



23509763|ref|NP_702430.1| V-type H(+)-translocating pyro... 585 e-165 



4324984|gb[AAD 17215.11 proton-pumping vacuolar pyrophosp... 585 e-165 



23483521|gb|EAA19163.1| V-type H(+)-translocating pyroph... 582 e-165 



gil14149007lemblCAC39165.1| vacuolar-type H+-pyrophosphatas... 570 e-161 
gi|28210139|ref|NP„781 083.1 1 vacuolar-type H+-pyrophosphata... 513 e-144 
gi|20092675|ref|NP_61 8750.1 1 inorganic pyrophosphatase [Met... 483 e-135 
gi|33301196|sp|Q8TJA9|HPP1_METAC Pyrophosphate-energized pr... 483 e-135 
gi|21226802|ref|NP_632724.1| vacuolar-type H+-pyrophosphata... 482 e-134 
gi|5708065|dbj|BAA831 03. 1 1 inorganic pyrophosphatase [Aceta... 472 e-131 
gi|34762889|ref|ZP_001 43872.1 1 Inorganic pyrophosphatase [F... 457 e-127 
gi| 1 9705321 |ref| NP_60281 6. 1 1 Inorganic pyrophosphatase [Fus... 455 e-126 
g i 1 1 5642948 1 ref I N P_2279 8 9 . 1 [ pyrophosphatase, proton-transl... 446 e-123 
gi|1076628|pir||S54173 inorganic diphosphatase (EC 3.6.1 .1)... 442 e-122 
gi[39998380|ref|NP_954331.1| V-type H(+Hranslocating pyro... 439 e-121 
gi|48845538|ref|ZPJ)0299816.1| COG3808: Inorganic pyrophosp... 434 e-120 • 
gi|21226803|ref|NP_632725.1| vacuolar-type H+-pyrophosphata... 431 e-119 
gi|48838581|ref|ZP_00295523.1| CQG3808: Inorganic pyrophosp... 431 e-119 
gi|30249887|ref|NP„841957.1| Inorganic H+ pyrophosphatase [... 429 e-118 
gij41 72351 7|reflZP_001 50444.1 1 COG3808: Inorganic pyrophosp.. . 428 e-118 
gi|48764244|ref|ZP_00268796.1| COG3808: Inorganic pyrophosp. .. 427 e-118 
gi|33301139lsp[O68460|HPPA_RHORU Pyrophosphate-energized pr... 426 e-118 
gi|46201733|ref|ZP_00054472.2| CQG3808: Inorganic pyrophosp... 426 e-117 
gi|45530368|ref|ZP_001 81 500.1[ CQG3808: Inorganic pyrophosp... 425 e-117 
gil33301186lsp|Q8KY01lHPP2_RHOPA Pyrophosphate-energized pr... 420 e-116 
gi|22971000|ref|ZP_0001 8005.1 1 hypothetical protein [Chloro... 418 e-115 
gi|20092676lref|NP_618751.1| inorganic pyrophosphatase [Met... 418 e-115 
gi|20806805|ref|NP_621976.1| vacuolar-type H+-translocating... 416 e-115 
gi|27380137|ref|NP_771666.1| H+ translocating pyrophosphate... 416 e-114 
gi|29348820|ref|NP_81 2323.1 1 pyrophosphate-energized vacuol... 4^2 e-113 
gi|47575275|ref|ZP„00245310.1| COG3808: Inorganic pyrophosp... 408 e-112 
gi|21244165|ref|NP_643747.1| H+ translocating pyrophosphate... 408 e-112 
gi|1 588851 1 |ref|NP_3541 92. 1 1 AGR_C_2169p [Agrobacterium turn... 403 e-110 
gi|17935080|ref|NP_531870.1| H+, translocating pyrophosphate... 402 e-110 
gil15219362|reflNP_173122.1| vacuolar-type H+-translocating... 402 e-110 
gi|42523211|reflNP_968591.1| vacuolar-type H-t-pyrophosphata... 402 e-110 
gi|1 5964971 |ref|NP_385324.1 1 PROBABLE H+ TRANSLOCATING PYRO... 400 e-110 
gil45915706|ref|ZP„00194428.2| COG3808: Inorganic pyrophosp... 399 e-109 
gil25290360lpir||H96818 hypothetical protein F9K20.2 [impor... 397 e-109 
g i 1 1 3476947 1 ref | N P_ 1 085 1 7 . 1 1 H+ translocating pyrophosphate... 397 e-109 
gi|18412180lref|NP_565195.1| vacuolar-type H+-translocating... 396 e-109 
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6901 676|gb|AAF31 163.1 1 vacuolar-type H+-translocating in... 396 e-109 



48851197|reflZP_00305439.1| COG3808: Inorganic pyrophosp... 395 e-108 



21 232741 |refjNP_638658.1| H+ translocating pyrophosphate... 393 e-107 



48858370|ref|ZP_0031 2326.1 1 COG3808: Inorganic pyrophosp... 392 e-107 



17987468|ref|NP_540102.1| H+ TRANSLOCATING PYROPHOSPHATE... 390 e-107 



23501658|reflNP_697785.1| V-type H(+)-translocating pyro... 387 e-106 



33301205|sp|Q8YGH4[HPPAJRUME Pyrophosphate-energized pr... 387 e-106 



1 841 9442|gb| AAL69328. 1 1 inorganic pyrophosphatase [Bruce... 383 e-105 



39935798|ref|NP_948074.1| H+ translocating pyrophosphate... 379 e-103 



1 841 9444|gb| AAL69329. 1 1 inorganic pyrophosphatase [Sinor... 377 e-103 



23479810|gb|EAA16540.1l vacuolar-type H+ pumping pyropho... 372 e-101 



16125612|ref|NP_42Q176.1| proton pump, putative [Cauloba... 371 e-101 



|48835222|ref[ZPJ)0292223.1| COG3808: Inorganic pyrophosp... 347 7e-94 



29831 159|ref|NP,825793.1| putative inorganic H+ pyrophos... 344 4e-93 



1 831 2865|ref|N P,559532. 1 1 vacuolar-type H+-pyrophosphata... 343 7e-93 

Alignments 



> gi|1 5982958|gb|AAL1 1 507.1 1 vacuolar H+-pyrophosphatase [Prunus persica] 
Length = 759 

Score = 1 120 bits (2898), Expect = 0.0 

Identities = 608/767 (79%), Positives = 662/767 (86%), Gaps = 1 0/767 (1 %) 

Query: 5 ALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDIJOOOOOOCXXXXXXXXXDYLI- 
63 

LL E T++L+P+ A++G+AF+L QW++VSRVK++ D LI 
Sbjct: 2 GLLSEGLTQLLIPLAALVGLAFALLQWFLVSRVKVSGS YGEGNGYKDKLIG 52 



Query: 64 

EEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFST 1 23 
EEEGV+ V KAEIQ AIS GATSFLFT+Y+Y LGSV+GFST 



Sbjct: 53 EAEEGVDSLEVTIKVAEIQNAISIGATSFLFTQYRYLSIFVGVFSAIIFLFLGSVKGFST 
112 

Query: 124 

DNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKGV 1 83 

++PCTY+T TCKPALA A F+TIAF+LGA+TSVLSGF GMKIATYANARTTLEAR+GV 
Sbjct: 113 

KSEPCTYNTGNTCKPALANALFTTI AFLLGALTSVLSGFFGMKI ATYAN ARTTLEARRGV 1 72 
Query: 184 

GKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMAL 243 

GKAFI AFRSGAVMGFLLAA+GLLVLYITtN+FK+YYGDDWEGL+E+ITGYGLGGSSMAL 
Sbjct: 173 

GKAFITAFRSGAVMGFLLAANGLLVLYITINLFKLYYGDDWEGLYESITGYGLGGSSMAL 232 
Query: 244 

FGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSY 303 

FGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSY 
Sbjct: 233 

FGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSY 292 

Query: 304 AEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEP 
363 

AE+SCAAL VASISSFGI+HD+TAM YPL+ISSMGI+VCLITTLFATD FEIK V EIEP 
Sbjct: 293 AESSCAALFVASISSFGISHDYTAMSYPLIISSMGIWCLITTLFATDLFEIKKVNEIEP 
352 

Query: 364 ALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIG 
423 

+LK QL+ISTV+MT GIA V++V LP+ FT+F FGT K VKNW LF CV +GLWAGL+IG 
Sbjct: 353 

SLKRQLLISTVLMTAGI AAVTFVALPSEFTLFQFGTNKAVKNWYLFFCVAIGLWAGLVIG 41 2 
Query: 424 

FVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXM 483 
+ TEY+TSNAYSPVQDVADSCRTGAATNVIFGLALGYK M 



Sbjct: 413 YTTEYHTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPVFAIAFAIYVSFSLAAM 
472 

Query: 484 

YGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAI 543 
YG+AVAALGMLSTI+TGLAI DAYGPISDNAGGIAEMAGMSH IRERTDALDAAGNTTAAI 
Sbjct: 473 YGIAVAALGMLSTISTGLAIDAYGPISDNAGGIAEMAGMSHEIRERTDALDAAGNTTAAI 
532 

Query: 544 

GKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGS 603 

GKGFAIGSAALVSLALFGA+VSRAGI TVDVLTPKV IGLLVGAMLPYWFSAMTMKSVGS 
Sbjct: 533 

GKGFAIGSAALVSLALFGAWSRAGIETVDVLTPKVFIGLLVGAMLPYWFSAMTMKSVGS 592 
Query: 604 

AALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFF 663 
AALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKiSTDAS+KEMIPPG LVMLTPLI G F 
Sbjct: 593 

AALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASLKEMIPPGALVMLTPLIAGTF 652 
Query: 664 

FGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAA 723 

FGVETL+G+LAGSLVSGVQIAISASNTGGAWDNAKKYIEAG SEHAKSLGPKGS+PHKAA 
Sbjct: 653 

FGVETLAGILAGSLVSGVQIAISASNTGGAWDNAKKYIEAGASEHAKSLGPKGSDPHKAA 712 

Query: 724 VIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

VIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFA HGG+LFK+ 
Sbjct: 713 VIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFAAHGGVLFKWL 759 



> gil3298474|dbj|BAA31 523.1 1 ovpl [Oryza sativa] 



Length = 771 



Score = 1 167 bits (3019), Expect = 0.0 

Identities = 633/769 (82%), Positives = 674/769 (87%), Gaps = 3/769 (0%) 

Query: 5 ALLPELmEILVPICAVIGIAFSLFQWYWSRVKLTSDUOOOOOOOOOOOOC<XX---DY 
61 

A+LP+L T++LVP AV+GIAF++ QW +VS+VK+T++ +Y 
Sbjct: 3 

AILPDLATQVLVPAAAWGIAFAWQWVLVSKVKMTAERRGGEGSPGAAAGKDGGAASEY 62 
Query: 62 

LIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGF 121 

LIEEEEG+N+ +W KC+EIQ AISEGATSFLFTEYKY LGSVEGF 
Sbjct: 63 LIEEEEGLNEHNWEKCSEIQHAISEGATSFLFTEYKYVGLFMGIFAVLIFLFLGSVEGF 

122 / 

Query: 122 

STDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARK 1 81 

ST ++PC Y R CKPALA A FST+AFVLGAVTS++SGFLGMKIATYANARTTLEARK 
Sbjct: 123 

STKSQPCHYSKDRMCKPALANAIFSTVAFVLGAVTSLVSGFLGMKIATYANARTTLEARK 182 
Query: 182 

GVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKiYYGDDWEGLFEAITGYGLGGSSM 241 
GVGKAFI AFRSGAVMGFLLAASGL+VLYI IN+F lYYGDDWEGLFEAiTGYGLGGSSM 
Sbjct: 183 

GVGKAFITAFRSGAVMGFLLAASGLWLYIAINLFGIYYGDDWEGLFEAITGYGLGGSSM 242 
Query: 242 

ALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 301 

ALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 
Sbjct:' 243 

ALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 302 

Query: 302 SYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLiTTLFATDFFEIKLVKEI 
361 

SYAE+SCAALWASISSFGINH+FT M YPLLISS+GI+ CLITTLFATDFFEIK V El 
Sbjct: 303 SYAESSCAALWASISSFGINHEFTPMLYPLLISSVGIIACLITTLFATDFFEIKAVDEI 362 



Query: 362 

EPALKNQLIISTVIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLI 421 

EPALK QLIISTV+MTVGI +VSW+GLP SFTIFNFG QK V NWQLFLCV VGLWAGLI 
Sbjct: 363 

EPALKKQLIISTWMWGIVLVSWLGLPYSFTIFNFGAQKTVYNWQLFLCVAVGLWAGLI 422 
Query: 422 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXX 481 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 423 IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAFSIFLSFSLA 
482 

Query: 482 

XMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 541 

MYGVAVAALGMLSTIATGLAI DAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 
Sbjct: 483 

AMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 542 
Query: 542 

AIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIiGLLVGAMLPYWFSAMTMKSV 601 
Al G KG FAI G SAALVSLALFG AFVSRA I TVDVLTPKV I G L+VG AM LP YWFS AMTM KSV 
Sbjct: 543 

AIGKGFAIGSAALVSLALFGAFVSRAAISWDVLTPKVFIGLIVGAMLPYWFSAMTMKSV 602 
Query: 602 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVG 661 
GSAALKMVEEVRRQFN+IPGLMEGT KPDYATCVKISTDASIKEMIPPG LVML+PLIVG 
Sbjct: 603 

GSAALKMVEEVRRQFNSIPGLMEGTTKPDYATCVKISTDASIKEMIPPGALVMLSPLIVG 662 
Query: 662 

FFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHK 721 
FFGVETLSG+LAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGPKGS+ HK 
Sbjct: 663 

IFFGVETLSGLLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSDCHK 722 



Query: 722 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFK+F 
Sbjct: 723 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKWF 771 



> gi|2129950|pir||S61423 inorganic diphosphatase (EC 3.6.1.1) (clone TVP9) - common 
tobacco 

Length = 765 

Score = 1194 bits (3088), Expect = 0.0 

Identities = 647/769 (84%), Positives = 683/769 (88%), Gaps = 4/769 (0%) 

Query: 2 VAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDY 
61 

+ ALLP+L EI++P+CAVIGI FSL QWY+VS VKLT + DY 
Sbjct: 1 MGAALLPDLGAEIVI PVCAVIGIVFSLVQWYLVSNVKLTPE — SSSPSNNGKNGYGDY 
56 

Query: 62 

LIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGF 121 

LIEEEEG+N+Q+W KCAEIQ AISEGATSFLFT Y+Y LGSVEGF 
Sbjct: 57 LIEEEEGINEQNWVKCAEIQNAISEGATSFLFTTYQYVGIFMIAFAILIFLFLGSVEGF 
116 

Query: 122 

STDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEARK 1 81 

ST ++PCTY+ + CKPALATA FST++F+LGAVTSV+SGFLGMKIATYANARTTLEARK 
Sbjct: 117 

STKSQPCTYNKEKLCKPALATAIFSTVSFLLGAVTSWSGFLGMKI ATYANARTTLEARK 176 
Query: 182 

GVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSM 241 

GVGKAFIVAFRSGAVMGFLLAA+GLLVLYI IN+FK+YYGDDWEGLFEAITGYGLGGSSM 
Sbjct: 177 

GVGKAFIVAFRSGAVMGFLLAANGLLVLYIAINLFKLYYGDDWEGLFEAITGYGLGGSSM 236 



Query: 242 

ALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 301 

ALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 
Sbjct: 237 

ALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 296 

Query: 302 SYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEI 
361 

SYAEASCAALWASISSFGINH+FTAM YPLLISSiyiGIL+CLITTLFATDFFEIK VKEI 
Sbjct: 297 SYAEASCAALWASISSFGINHEFTAMLYPLLISSMGILICLITTLFATDFFEIKAVKEI 356 

Query: 362 

EPALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLI 421 

EPALKNQLIIST +MTVGIAIV+W LP+SFTIFNFG QKWKNWQLFLCV VGLWAGLI 
Sbjct: 357 EPALKNQLIISTALMTVGIAIVTWTCLPSSFTIFNFGAQKWKNWQLFLCVAVGLWAGLI 
416 

Query: 422 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXX 481 

I G FVTE YYTS NAYS PVQ DVA DSC RTG AATN VI F G LALG YK 
Sbjct: 417 IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAIAIFVSFSFA 
476 

Query: 482 

XMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 541 
M +AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 
Sbjct: 477 

AMGYIAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 536 
Query: 542 

AIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSV 601 
AIGKGFAIGSAALVSLALFGAFVSRA I TVDVLTP+V IGL+VGAMLPYWFSAMTMKSV 
Sbjct: 537 

AIGKGFAIGSAALVSLALFGAFVSRAAITTVDVLTPQVFIGLIVGAMLPYWFSAMTMKSV 596 



Query: 602 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVG 661 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPG LVMLTPLIVG 
Sbjct: 597 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGALVMLTPLIVG 656 
Query: 662 

FFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHK 721 
FFGVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGPKGS+PHK 
Sbjct: 657 

IFFGVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSDPHK 716 

Query: >22 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK F 
Sbjct: 717 AAVIGDTtGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKIF 765 



> gi|1 5982956|gb|AAL1 1 506.1 1 vacuolar H+-pyrophosphatase [Prunus persica] 
Length = 767 

Score = 1 186 bits (3068), Expect = 0.0 

Identities = 645/765 (84%), Positives = 682/765 (89%), Gaps = 1/765 (0%) 

Query: 6 LLPELmEILVPICAVIGIAFSLFQWYWSRVKLTSDIJOOOCXXXXXXXXXXXXDYLIEE 
65 

LL L TEI++P+ AVIGI FSL QW++VSRVK+T + DYLIEE 
Sbjct: 4 LLSTLATEIVIPVAAVIGIVFSLVQWFIVSRVKVTLE-RHAPPAGPNSNKNGFNDYLIEE 62 

Query; 66 

EEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDN 1 25 

EEG++DQ+WAKCAEIQ AISEGATSFLFTEY+Y LGSVEGFST + 

Sbjct: 63 EEGLHDQNWAKCAEIQNAISEGATSFLFTEYQYVGVFMWFAILIFLFLGSVEGFSTKS 
122 



Query: 126 

KPCTYDTTRTCKPALATAAFSTt AFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVGK 1 85 
+PCTYD RTCKPALATA FST+AFVLG VTS+LSGFLGMKIATYANARTTLEARKGVGK 
Sbjct: 123 

QPCTYDAQRTCKPALATAIFSTVAFVLGGVTSILSGFLGMKI ATYANARTTLEARKGVGK 1 82 
Query: 186 

AFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALFG 245 

AFIVAFRSGAVMGFLLAA+GLLVLYITINVFK+YYGDDWEGLFE+ITGYGLGGS+MALFG 
Sbjct: 183 

AFIVAFRSGAVMGFLLAANGLLVLYITINVFKVYYGDDWEGLFESITGYGLGGSAMALFG 242 
Query: 246 

RVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 305 

RVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 
Sbjct: 243 

RVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 302 

Query: 306 ASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPAL 
365 

+SCAAL WASI SSFG I N H+FT+M YPLLISSMGIL+CLITTLFATDFFEIK VKEIEPAL 
Sbjct: 303 SSCAALWASISSFGINHEFTSMLYPLLtSSMGILICLITTLFATDFFEIKAVKEIEPAL 362 

Query: 366 KNQLIISTVIMTVGIAIVS\WGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGFV 
425 

K QLIISTV+MTVGIAI+SW+ LP+SFTI+NFG QKWKNWQLFLCV VGLWAGLIIGFV 
Sbjct: 363 KKQLIISWLMWGIAIISWIALPSSFTIYNFGVQKWKNWQLFLCVAVGLWAGLMGFV 
422 

Query: 426 

TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMYG 485 

TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK MYG 
Sbjct: 423 TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAVSIFVSFSFAAMYG 
482 



Query: 486 

VAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 545 

+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 
Sbjct: 483 

IAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 542 
Query: 546 

GFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSAA 605 

GFAIGSAALVSLALFGAFVSRA I TVDVLTPKV IGL+VGAMLP FSAMTMKSVGSAA 
Sbjct: 543 

GFAIGSAALVSLALFGAFVSRAAISTVDVLTPKVFIGLIVGAMLPTGFSAMTMKSVGSAA 602 



Query: 606 

LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFFG 665 

LKM VEEVRRQFNTI PGLM EGTAKP YATCVKISTDASIKEMIPPG LV+LTPLIVG FG 
Sbjct: 603 LKMVEEVRRQFNTIPGLMEGTAKPSYATCVKISTDASIKEMIPPGALVILTPLIVGTLFG 
662 

Query: 666 

VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAVI 725 

VETLSGVLAGSLVSGVQ+AISASNTGGAWDNAKKYIEAG SEHA++LGPKGS+PHKAAVI 
Sbjct: 663 

VETLSGVLAGSLVSGVQVAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSDPHKAAVI 722 



Query: 726 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFKF 
Sbjct: 723 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKIF 767 



> gi|38488588|dbj|BAD02276,1| vacuolar proton pyrophosphatase [Oryza sativa (japonica 
cultivar-group)] 
Length = 762 

Score = 1 144 bits (2958), Expect = 0.0 

Identities = 621/766 (81 %), Positives = 667/766 (87%), Gaps = 5/766 (0%) 



Query: 5 ALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLIE 
64 

A+L ++ TE+L+PI A+1GI FS+ QW +V+RVKL D LIE 
Sbjct: 2 AILSDVATEVLIPIAAIIGIGFSIAQWVLVARVKLAPS QPGASRSKDGYGDSLIE 56 

Query: 65 

EEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTD 124 

EEEG+ND +WAKCAEIQ AI+EGATSFLFTEY+Y LGSVEGFST 
Sbjct: 57 EEEGLNDHNWAKCAEIQNAIAEGATSFLFTEYQYVGVFMSIFAWIFLFLGSVEGFSTK 
116 

Query: 125 

NKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEARKGVG 1 84 

PCTY + CKPAL A FST++F+LGA+TSV+SGFLGMKIATYANARTTLEARKGVG 
Sbjct: 117 

THPCTYSKDKECKPALFNALFSTVSFLLGAITSWSGFLGMKIATYANARTTLEARKGVG 1 76 
Query: 185 

KAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALF 244 
KAFI AFRSGAVMGFLLA++GLLVLYI IN+FK+YYGDDWEGLFE+ITGYGLGGSSMALF 
Sbjct: 177 

KAFITAFRSGAVMGFLLASNGLLVLYIAINLFKMYYGDDWEGLFESITGYGLGGSSMALF 236 
Query: 245 

GRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 304 

GRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 
Sbjct: 237 

GRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 296 

Query: 305 EASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPA 
364 

E+SCAALWASI SS FG I N H DFT MCYPLL+SSMGI+VCLITTLFATDFFEIK VKEIEP+ 
Sbjct: 297 ESSCAALWASISSFGINHDFTGMCYPLLVSSMGIIVCLITTLFATDFFEIKAVKEIEPS 
356 



Query: 365 LKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGF 
424 

LK QLIIST +MTVGIA+VSW+ LP FTIFNFG QK V NW LFLCV +GLWAGLIIG+ 
Sbjct: 357 LKKQLIISTALMTVGIALVSWLALPYKFTIFNFGEQKEVTNWGLFLCVSIGLWAGLIIGY 
416 

Query: 425 

VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMY 484 

VTEYYTSNAYSPVQDVAD+CRTGAATNVIFGLALGYK MY 
Sbjct: 41 7 VTEYYTSNAYSPVQDVADACRTGAATNVI FGLALGYKSVI I PI FAIALGI YVSFTI AAMY 
476 

Query: 485 

GVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 544 

G+AVAALGMLSTIATGL+IDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 
Sbjct: 477 

GIAVAALGMLSTIATGLSIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 536 
Query: 545 

KGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSA 604 

KGFAIGSAALVSLALFGAFVSRAG+ VDVL+PKVIIGL+VGAMLPYWFSAMTMKSVGSA 
Sbjct: 537 

KGFAIGSAALVSLALFGAFVSRAGVKWDVLSPKVIIGLIVGAMLPYWFSAMTMKSVGSA 596 
Query: 605 

ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFF 664 

ALKMVEEVRRQFNTI PGLMEGT KPDYA CVKISTDASIK+MIPPG LVMLTPLIVG F 
Sbjct: 597 

ALKMVEEVRRQFNTI PGLMEGTGKPDYANCVKISTDASIKQMIPPGALVMLTPLIVGTLF 656 
Query: 665 

GVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAV 724 
GV+TLSGVLAG+LVSGVQ+ Al SASNTGGAWDN AKKYI EAG SEHA+SLGPKGS+ HKAAV 
Sbjct: 657 

GVQTLSGVLAGALVSGVQVAISASNTGGAWDNAKKYIEAGASEHARSLGPKGSDCHKAAV 71 6 
Query: 725 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 



IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFK F 
Sbjct: 717 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKLF 762 



> gi|322841|pir||JC1466 inorganic diphosphatase (EC 3.6.1.1) - barley 
Length = 761 

Score = 1154 bits (2985), Expect = 0.0 

Identities = 624/765 (81%), Positives = 671/765 (87%), Gaps = 6/765 (0%) 

Query: 5 ALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLIE 
64 

A+L EL TEIL+P+C VIGI F++ QW++VS+VK+T DYLIE 
Sbjct: 2 AILGELGTEILIPVCGVIGIVFAVAQWFIVSKVKVTP GALRRRRAKNGYGDYLIE 56 

Query: 65 

EEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTD 124 

EEEG+ND +W KC AE I QT Al S EG ATSFL FT Y+Y LGS+EGFST 
Sbjct: 57 EEEGLNDHNWVKCAEIQTAISEGATSFLFTMYQYVGMFMWFAAIIFLFLGSIEGFSTK 
116 

Query: 125 

NKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVG 1 84 

+PCTY + TCKPAL TA FST +F+LGA+TS++SGFLGMKIATYANARTTLEARKGVG 
Sbjct: 117 GQPCTY- 

SKGTCKPALYTALFSTASFLLGAITSLVSGFLGMKI ATYANARTTLEARKGVG 1 75 
Query: 185 

KAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALF 244 

KAFI AFRSGAVMGFLL++SGL+VLYITINVFK+YYGDDWEGLFE+ITGYGLGGSSMALF 
Sbjct: 176 

KAFITAFRSGAVMGFLLSSSGLWLYITINVFKMYYGDDWEGLFESITGYGLGGSSMALF 235 
Query: 245 

GRVGGGiYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 304 



GRVGGGiYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 
Sbjct: 236 

GRVGGGIYTKAADVGADLVGKVERNiPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 295 

Query: 305 EASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPA 
364 

E+SCAALWASISSFGINHDFTAMCYPLL+SS+GI+VCL+TTLFATDFFEIK EIEPA 
Sbjct: 296 ESSCAALWASISSFGINHDFTAMCYPLLVSSVGIIVCLLTTLFATDFFEIKAANEIEPA 
355 

Query: 365 LKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLMGF 
424 

LK QLIIST +MTVG+A++SW+ LP FTIFNFG QK V NW LF CV VGLWAGLIIGF 
Sbjct: 356 LKKQLIISTALMTVGVAVISWLALPAKFTIFNFGAQKEVSNWGLFFCVAVGLWAGLHGF 
415 

Query: 425 

VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMY 484 

VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK MY 
Sbjct: 416 VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAVSIYVSFSIAAMY 
475 

Query: 485 

GVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 544 

G+A+AALGMLST+ATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 
Sbjct: 476 

GlAMAALGMLSTMATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 535 
Query: 545 

KGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSA 604 

KGFAIGSAALVSLALFGAFVSRAG+ VDVL+PKV IGL+VGAMLPYWFSAMTMKSVGSA 
Sbjct: 536 

KGFAIGSAALVSLALFGAFVSRAGVKWDVLSPKVFIGLIVGAMLPYWFSAMTMKSVGSA 595 " 
Query: 605 

ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFF 664 



ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPG LVMLTPLIVG F 
Sbjct: 596 

ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGALVMLTPLIVGTLF 655 
Query: 665 

GVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAV 724 

GVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA+SLGPKGS+ HKAAV . 
Sbjct: 656 

GVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGNSEHARSLGPKGSDCHKAAV 715 

Query: 725 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKY 769 

IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFAT+GG+LFKY 
Sbjct: 716 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATYGGLLFKY 760 



> gi|36081 71 |dbj|BAA33149.1 [ proton-translocating inorganic pyrophosphatase [Cucurbita 
moschata] 

Length = 768 

Score = 1 182 bits (3058), Expect = 0.0 

Identities = 638/765 (83%), Positives = 676/765 (88%), Gaps = 1/765 (0%) 

Query: 6 LLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDIJOOOOOOOOCXXXXXXXDYLIEE 
65 

+LP+L TEI +P+CAVIGI FSL QWY VS+VKL+ DYLIEE 
Sbjct: 5 ILPDLGTEIFIPVCAVIGIVFSLVQWYYVSQVKLSPG-RDAAHNNSAGSKNGYSDYLIEE 
63 

Query: 66 

EEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDN 1 25 

EEGVND +W KCAEIQ+AISEGATSFLFTEYKY LGSVE FST 

Sbjct: 64 EEGVNDHNWIKCAEIQSAISEGATSFLFTEYKYVGIFMVLFAVLIFVFLGSVESFSTKP 
123 



Query: 126 

KPCTYDTTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKI ATYANARTTLEARKGVGK 1 85 
+PCTYD TRTCKPALATA FST++F+LGAVTSV+SGFLGMKI ATYANARTTLEARKGVGK 
Sbjct: 124 

QPCTYDKTRTCKPALATAIFSTVSFLLGAVTSWSGFLGMKI ATYANARTTLEARKGVGK 183 
Query: 186 

AFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALFG 245 
AFI AFRSGAVMGFLLAA+GLLVL+I IN+FK+YYGDDW GLFE+ITGYGLGGSSMALFG 
Sbjct: 184 

AFITAFRSGAVMGFLLAANGLLVLFIAINLFKLYYGDDWGGLFESITGYGLGGSSMALFG 243 
Query: 246 

RVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 305 

RVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 
Sbjct: 244 

RVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 303 

Query: 306 ASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPAL 
365 

+SCAALWASIS FG NH+ T M YPL++SSMGILVCLITTLFATDFFEIK VKEIEPAL 
Sbjct: 304 SSCAALWASISPFGNNHELTPMLYPLIVSSMGILVCLITTLFATDFFEIKAVKEIEPAL 
363 

Query: 366 KNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGFV 
425 

K QLIISTV+MT G1AIV+W+ +P+SFTIFNFGTQKW NW+LFLCV VGLWAGLIIGFV 
Sbjct: 364 KKQLIISWLMTFGIAIVTWLSVPSSFTIFNFGTQKVVTNWKLFLCVAVGLWAGLIIGFV 
423 

Query: 426 

TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMYG 485 

TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK MYG 
Sbjct: 424 TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAVSIFVSFTFAAMYG 
483 



Query: 486 

VAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 545 

+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 
Sbjct: 484 

IAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 543 
Query: 546 

GFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSAA 605 

G F Al G S AAL VS LAL FG AFVS RAG + VDVLTPKV I G L+ VG AM LP YWFS AMTM KSVG S AA 
Sbjct: 544 

GFAIGSAALVSLALFGAFVSRAGVTAVDVLTPKVFIGLIVGAMLPYWFSAMTMKSVGSAA 603 
Query: 606 

LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFFG 665 
LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPG LVMLTPLIVG FG 
Sbjct: 604 LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGALVMLTPLIVGILFG 
663 

Query: 666 

VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAVi 725 
VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAG S+HA++LGPKGS+PHKAAVI 
Sbjct: 664 

VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYI EAGASKHARTLGPKGSDPHKAAVI 723 

Query: 726 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFA+HGG+LFKF 
Sbjct: 724 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFASHGGLLFKIF 768 



~ > gi|7436046|pirllT14563 inorganic diphosphatase (EC 3.6.1.1) - beet 
gi|485742|gb|AAA61 609. 1 1 pyrophosphatase [Beta vulgaris] 
Length = 761 

Score = 1202 bits (3109), Expect = 0.0 

Identities = 646/765 (84%), Positives = 685/765 (89%), Gaps = 4/765 (0%) 



Query: 6 LLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLIEE 
65 

++ +L TEI +P+CAVIG S +QW++VS+VK+++D DYLIEE 
Sbjct: 1 MISDLATEIFIPVCAVIGY-ISCYQWFLVSKVKVSTD — RHVNNGGSAKNGFNDYLIEE 56 

Query: 66 

EEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDN 1 25 

EEGVNDQ+WAKCAEIQ AiSEGATSFLFTEY+Y LGSVEGFST++ 
Sbjct: 57 

EEGVNDQNWAKCAEIQNAISEGATSFLFTEYQYVGVFMCAFAVLIFVFLGSVEGFSTES 116 
Query: 126 

KPCTYDTTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKI ATYANARTTLEARKGVGK 1 85 

+PCTY + CKPALATA FST++F+LGA+TSV+SGFLGMKIAT ANARTTLEARKGVGK 
Sbjct: 117 

QPCTYSPLKKCKPALATALFSTVSFLLGAITSWSGFLGMKI ATDANARTTLEARKGVGK 1 76 
Query: 186 

AFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALFG 245 
AFl+AFRSGAVMGFLLAA+GLLVLYI IN+ K+YYGDDWEGLFEAITGYGLGGSSMALFG 
Sbjct: 177 

AFIIAFRSGAVMGFLLAANGLLVLYIAINLLKLYYGDDWEGLFEAITGYGLGGSSMALFG 236 
Query: 246 

RVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 305 

RVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 
Sbjct: 237 - 

RVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 296 

Query: 306 ASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPAL 
365 

ASCAALWAStSSFGINH+FTAMCYPLLISSMGI+VCL+TTLFATDFFEIK VKEIEPAL 
Sbjct: 297 ASCAALWASISSFGI.NHEFTAMCYPLLISSMGIIVCLVTTLFATDFFEIKAVKEIEPAL 
356 



Query: 366 KNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGFV 
425 

K QLIISTV+MTVGIAI++W+ LP+SFTIFNFGTQKW N WQLF LC VCVG L WAG LI I G FV 
Sbjct: 357 KKQLIISWLMWGIAIITWIALPSSFTIFNFGTQKWHNWQLFLCVCVGLWAGLI1GFV 
416 

Query: 426 

TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMYG 485 

TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK MYG 
Sbjct: 417 TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPiFAIAVSIFVSFSFAAMYG 
476 

Query: 486 

VAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 545 

VAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 
Sbjct: 477 

VAVAALGMLSTlATGLAIDAYGPtSDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 536 
Query: 546 

GFAI GSAALVS LALFGAFVS RAG I HTVDVLTPKVI IGL LVGAM LP YWFSAMTM KSVGSAA 605 
GFAIGSAALVSLALFGAFVSRA t TVDVLTPKV I GL+VGAM LP YWFSAMTM KSVGSAA 
Sbjct: 537 

GFAIGSAALVSLALFGAFVSRAAISTVDVLTPKVFIGLIVGAMLPYWFSAMTMKSVGSAA 596 
Query: 606 

LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFFG 665 
LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPG LVMLTPLIVG FFG 
Sbjct: 597 LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGALVMLTPLIVGIFFG 
656 

Query: 666 

VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAVI 725 

VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAG SEHA+SLGPKGSEPHKAAVI 
Sbjct: 657 

VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGASEHARSLGPKGSEPHKAAVI 716 
Query: 726 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 



GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK F 
Sbjct: 717 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKLF 761 



> gi|2129948lpir||S61424 inorganic diphosphatase (EC 3.6.1.1) (clone TVP31) - common 
tobacco 

Length = 766 

Score = 1172 bits (3032), Expect = 0.0 

Identities = 639/770 (82%), Positives = 684/770 (88%), Gaps = 4/770 (0%) 
Query: 1 

MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXD 60 

M AP +L +L TEIL+P+CAV+GIAFSLFQW++VS+V L++D + 
Sbjct: 1 MGAP-ILSDLGTEILIPVCAWGIAFSLFQWFLVSKVTLSAD — KSSGAADDKNGYAAE 56 

Query: 61 

YLI EEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEG 1 20 

LIEEEEG+ND +W KCAEIQ AISEGATSFLFTEY+Y LGSVEG 
Sbjct: 57 SLIEEEEGINDHNWQKCAEIQNAISEGATSFLFTEYQYVGVFMVAFAILIFLFLGSVEG 
116 

Query: 121 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 180 
FST N+PCTYD+T+TCKPALATA FST++F+LGAVTSV+SGFLGMKIATYANARTTLEAR 
Sbjct: 117 

FSTKNQPCTYDSTKTCKPALATAVFSTVSFLLGAVTSWSGFLGMKI ATYANARTTLEAR 1 76 
Query: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 

KGVGKAFIVAFRSGAVMGFLLAA+GLLVLYITI +FK+YYGDDWEGLFEAITGYGLGGSS 
Sbjct: 177 

KGVGKAFIVAFRSGAVMGFLLAANGLLVLYITILLFKLYYGDDWEGLFEAITGYGLGGSS 236 



Query: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

MALFGRV GGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 
Sbjct:237 

MALFGRV AGGIYTKAADVGADLVGKVERNiPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 296 

Query: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

GSYAE+SCAALWASISSFG+NH+FTAM YPLL+SS+GILVCL+TTLFATDFFE+K VKE 
Sbjct: 297 

GSYAESSCAALWASISSFGVNHEFTAMLYPLLVSSVGILVCLLTTLFATDFFEVKAVKE 356 
Query: 361 

IEPALKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 420 

IEPALK QL+IST +MTVGIA+V+W+ LP+ FTIFNFG QK VK+WQLFLCV VGLWAGL 
Sbjct: 357 IEPALKQQLVISTALMTVGIAVVTWIALPSIFTIFNFGAQKEVKSWQLFLCVGVGLWAGL 
416 

Query: 421 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXX 480 

1 1 G FVT E YYTS N AYS PVQ D VADSC RTG AATN VI F G LALG YK 
Sbjct: 417 IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAVSIFVSFSF 
476 

Query: 481 

XXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 

M +AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 
Sbjct: 477 

AAMGYiAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 536 
Query: 541 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 
AAI GKG F Al GS AAL VS LALFG AF VSR A I TVDVLTPKV IGL+VGAMLPYWFSAMTMKS 
Sbjct: 537 

AAIGKGFAIGSAALVSLALFGAFVSRAAISTVDVLTPKVFIGLIVGAMLPYWFSAMTMKS 596 



Query: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 660 
VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKtSTDASIKEMI PG LVMLTPLIV 
Sbjct: 597 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIAPGALVMLTPLIV 656 
Query: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 
G FGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHA++LGPKGS+ H 
Sbjct: 657 

GILFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHARTLGPKGSDAH 716 

Query: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK F 
Sbjct: 717 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKLF 766 



> gi[1 1 0371 2|emblCAA58700.1 1 inorganic pyrophosphatase [Nicotiana tabacum] 
Length = 766 

Score = 1 180 bits (3053), Expect = 0.0 

Identities = 641/770 (83%), Positives = 686/770 (89%), Gaps = 4/770 (0%) 
Query: 1 

MVAPALLPELWTEILVPtCAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXD 60 

M AP +L +L TEIL+P+CAV+GIAFSLFQW++VS+V L++D + 
Sbjct: 1 MGAP-ILSDLGTEILIPVCAWGIAFSLFQWFLVSKVTLSAD — KSSGAADDKNGYAAE 56 

Query: 61 

YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEG 120 

LIEEEEG+ND +W KCAEIQ AISEGATSFLFTEY+Y LGSVEG 
Sbjct: 57 SLIEEEEGINDHNWQKCAEIQNAISEGATSFLFTEYQYVGVFMVAFAILIFLFLGSVEG 
116 



Query: 121 

FSTDNKPCTYDTTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKI ATYAN ARTTLEAR 1 80 
FST N+PCTYD+T+TCKPALATA FST++F+LGAVTSV+SGFLGMKI ATYAN ARTTLEAR 
Sbjct: 117 

FSTKNQPCTYDSTKTCKPALATAVFSTVSFLLGAVTSWSGFLGMKI ATYAN ARTTLEAR 1 76 
Query: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 

KGVGKAFIVAFRSGAVMGFLLAA+GLLVLYITI +FK+YYGDDWEGLFEAITGYGLGGSS 
Sbjct: 177 

KGVGKAFIVAFRSGAVMGFLLAANGLLVLYITILLFKLYYGDDWEGLFEAITGYGLGGSS 236 
Query: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

MALFGRV GGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 
Sbjct: 237 

MALFGRV AGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 296 

Query: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

GSYAE+SCAALWASISSFG+NH+FTAM YPLL+SS+GILVCL+TTLFATDFFE+K VKE 
Sbjct: 297 

GSYAESSCAALWASISSFGVNHEFTAMLYPLLVSSVGILVCLLTTLFATDFFEVKAVKE 356 
Query: 361 

IEPALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 420 

IEPALK QL+IST +MTVGIA+V+W+ LP+ FTIFNFG QK VK+WQLFLCV VGLWAGL 
Sbjct: 357 IEPALKQQLVISTALMWGIAVVTWIALPSIFTIFNFGAQKEVKSWQLFLCVGVGLWAGL 
416 

Query: 421 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXX 480 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 417 IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAVSIFVSFSF 
476 



Query; 481 

XXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
MYG+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 
Sbjct: 477 

AAMYGIAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 536 
Query: 541 

AAlGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIiGLLVGAMLPYWFSAMTMKS 600 
AAIGKGFAIGSAALVSLALFGAFVSRA I TVDVLTPKV IGLLVGAMLPYWFSAMTMKS 
Sbjct: 537 

AAIGKGFAIGSAALVSU\LFGAFVSRAAISTVDVLTPKVFIGLLVGAMLPYWFSAMTMKS 596 
Query: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASiKEMIPPGCLVMLTPLIV 660 
VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKtSTDASiKEMI PG LVMLTPLIV 
Sbjct: 597 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIAPGALVMLTPLIV 656 
Query: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 
G FGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHA++LGPKGS+ H 
Sbjct: 657 

GILFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHARTLGPKGSDAH 716 

Query: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

KAAVIGDT+GDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK F 
Sbjct: 717 KAAVIGDTVGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKLF 766 



> gi|7436041lpirllS72526 inorganic diphosphatase (EC 3.6.1.1), H+-translocating, vacuolar 
membrane (clone OVP1) - rice 
gi|1747294|dbj|BAA08232.1| vacuolar H+-pyrophosphatase [Oryza sativa (japonica 
cultivar-group)] 
Length = 771 



Score = 1169 bits (3023), Expect = 0.0 

Identities = 634/769 (82%), Positives = 675/769 (87%), Gaps = 3/769 (0%) 

Query: 5 ALLPELWTEILVPICAVIGtAFSLFQWYWSRVKLTSDIJO(XXXXXXXXXXXXXX-"DY 
61 

A+LP+L T++LVP AV+GIAF++ QW +VS+VK+T++ +Y 
Sbjct: 3 

AILPDLATQVLVPAAAWGIAFAWQWVLVSKVKMTAERRGGEGSPGAAAGKDGGAASEY 62 
Query: 62 

LIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGF 121 

LIEEEEG+N+ +W KC+EIQ AISEGATSFLFTEYKY LGSVEGF 
Sbjct: 63 LiEEEEGLNEHNWEKCSEtQHAISEGATSFLFTEYKYVGLFMGIFAVLIFLFLGSVEGF 
122 

Query: 122 

STDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARK 1 81 

ST ++PC Y R CKPALA A FST+AFVLGAVTS++SGFLGMKIATYANARTTLEARK 
Sbjct: 123 

STKSQPCHYSKDRMCKPALANAIFSTVAFVLGAVTSLVSGFLGMKIATYANARTTLEARK 1 82 
Query: 182 

GVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSM 241 
GVGKAFI AFRSGAVMGFLLAASGL+VLYI IN+F IYYGDDWEGLFEAITGYGLGGSSM 
Sbjct: 183 

GVGKAFiTAFRSGAVMGFLLAASGLWLYIAINLFGIYYGDDWEGLFEAITGYGLGGSSM 242 
Query: 242 

ALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 301 

ALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 
Sbjct: 243 

ALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 302 

Query: 302 SYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEI 
361 

SYAE+SCAALWASISSFGINH+FT M YPLLISS+GI+ CLITTLFATDFFEIK V El 
Sbjct: 303 SYAESSCAALWASISSFGINHEFTPMLYPLLISSVGIIACLITTLFATDFFEIKAVDEI 362 



Query: 362 

EPALKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLI 421 

EPALK QLIISTV+MTVGIA+VSW+GLP SFTIFNFG QK V NWQLFLCV VGLWAGLI 
Sbjct: 363 

EPALKKQLIISTWMTVGIALVSWLGLPYSFTIFNFGAQKTVYNWQLFLCVAVGLWAGLI 422 
Query: 422 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXX 481 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 423 IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAFSIFLSFSLA 
482 

Query: 482 

XMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 541 

MYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 
Sbjct: 483 

AMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA542 
Query: 542 

AIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSV601 
AIGKGFAIGSAALVSLALFGAFVSRA I TVDVLTPKV I GL+ VG AM LP YWFSAMTM KSV 
Sbjct: 543 

AIGKGFAIGSAALVSLALFGAFVSRAAISTVDVLTPKVFIGLIVGAMLPYWFSAMTMKSV 602 
Query: 602 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVG 661 
GSAALKMVEEVRRQFN+IPGLMEGT KPDYATCVKISTDASIKEMIPPG LVML+PLIVG 
Sbjct: 603 . 

GSAALKMVEEVRRQFNSIPGLMEGTTKPDYATCVKISTDASIKEMIPPGALVMLSPLIVG 662 
Query: 662 

FFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHK 721 
FFGVETLSG+LAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGPKGS+ HK 
Sbjct: 663 

IFFGVETLSGLLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSDCHK 722 



Query: 722 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

, AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFK+F 
Sbjct: 723 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKWF 771 



> gi[31 580801 |gb[AAP5521 0. 1 1 vacuolar proton-inorganic pyrophosphatase [Triticum 
aestivum] 

Length = 762 

Score = 1 132 bits (2928), Expect = 0.0 

Identities = 612/765 (80%), Positives = 664/765 (86%), Gaps = 5/765 (0%) 

Query: 5 ALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDUOOOOCXXXXXXXXXXXDYLIE 
64 

A+L EL TEI L+P+C V+GI F++ QW++VS+VK+T DYLI E 

Sbjct: 2 AILGELGTEILIPVCGWGIVFAVAQWFIVSKVKVTPGAASAAGGGKNGYG — DYLIE 57 

Query: 65 

EEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTD 124 

EEEG+ND +W KC AE I QTAI S EG ATS FL FT Y+Y LGS+EGFST 
Sbjct: 58 

EEEGLNDHNVWKCAEIQTAISEGATSFLFTMYQYVGMFMWFAAVIFVFLGSIEGFSTK 117 
Query: 125 

NKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEARKGVG 1 84 

+PCTY +T TCKPAL TA FST +F+LGA+TS++SGFLGMKI ATYANARTTLEARKGVG 
Sbjct: 1 1 8 GQPCTY- 

STGTCKPALYTALFSTASFLLGAITSLVSGFLGMKI ATYANARTTLEARKGVG 176 
Query: 185 

KAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALF 244 
KAFI AFRSGAVMGFLL++SGL VLYITINVFK+YYGDDWEGLFE+ITGYGLGGSSMALF 
Sbjct: 177 

KAFITAFRSGAVMGFLLSSSGLGVLYITINVFKMYYGDDWEGLFESITGYGLGGSSMALF 236 



Query: 245 

GRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 304 

GRVGGGIYTKAADVGADLVGK+ERNIPED PRNPAVIADNVGDNVGDIAGMGSDLFGSYA 
Sbjct: 237 

GRVGGGIYTKAADVGADLVGKVERNIPEDGPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 296 

Query: 305 EASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPA 
364 

E+SCAALWASISSFGINHDFTAMCYPLL+SS+GI+VCL+TTLFATDFFEIK EIEPA 
Sbjct: 297 ESSCAALWASISSFGINHDFTAMCYPLLVSSVGNVCLLTTLFATDFFEIKAASEIEPA 
356 

Query: 365 LKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGF 
424 

LK QLII T +MT+G+A+++W+ LP FTIFNFG QK V NW LF CV VGLWAGLIIGF 
Sbjct: 357 LKKQLIIFTALMTIGVAVINWLALPAKFTIFNFGAQKDVSNWGLFFCVAVGLWAGLIIGF 
416 

Query: 425 

VTEYYTSN AYSPVQDVADSCRTGAATN VI FGLALGYKXXXXXXXXXXXXXXXXXXXXXM Y 484 

VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK MY 
Sbjct: 417 VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAVSIYVSFSIAAMY 
476 

Query: 485 

GVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 544 

G+A+AALGMLST ATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 
Sbjct: 477 

GIAMAALGMLSTTATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 536 
Query: 545 

KGFAIGSAALVSL^LFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSA604 

KGFAIGSAALVSLALFGAFVSRAG+ VDVL+PKV IGL+VGAMLPYWFSAMT + SA 
Sbjct: 537 

KGFAIGSAALVSLALFGAFVSRAGVKWDVLSPKVFIGLIVGAMLPYWFSAMTRRVCESA 596 



Query: 605 

ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFF 664 
ALKMVE+VRRQFNTIPGLM+GTAKPDYATCVKISTDASI+EMIPPG LVMLTPLIVG F 
Sbjct: 597 

ALKMVEKVRRQFNTIPGLMKGTAKPDYATCVKISTDASIREMIPPGALVMLTPLIVGTLF 656 
Query: 665 

GVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAV 724 
GVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA+SLGPKGS+ HKAAV 
Sbjct: 657 

GVETLSGVLAGALVSGVQ1AISASNTGGAWDNAKKYIEAGNSEHARSLGPKGSDCHKAAV 716 

Query: 725 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKY 769 

IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFAT+GG+LFKY 
Sbjct: 717 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATYGGVLFKY 761 



> gi[7739779|gb|AAF69010.1| H+-pyrophosphatase [Vitis vinifera] 
Length = 759 

Score = 1109 bits (2868), Expect = 0.0 

Identities = 601/765 (78%), Positives = 665/765 (86%), Gaps = 10/765 (1%) 

Query: 5 ALLPELWTEILVPICAVIGIAFSLFQW^ 
64 

++ + +T++L+P+ A++Gt p+|_ QW +VS+VK+++D D LIE 
Sbjct: 2 GVM G D AFTQ L L I P VAALVG I G F ALLQ WL LVS KVKVS AD SDLNNGYSDRLIE 52 

Query: 65 EEE- 

GVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFST 123 

EEE G++ + V AKCAEIQ AIS GATSFLFTEY+Y LGSV+GFST 
Sbjct: 53 EEEEGIDHEDVAAKCAEIQNAISVGATSFLFTEYRYLSIFMGVFGAIIFLFLGSVKGFST 
112 



Query: 124 

DNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKGV 1 83 

++PCTY+T CKPALA A FSTIAF+LGA+TSV SGFLGMKIATYANARTTLEARKGV 
Sbjct: 113 

KSEPCTYNTGSLGKPALANALFSTIAFLLGAMTSVFSGFLGMKIATYANARTTLEARKGV 172 
Query: 184 

GKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMAL 243 

GKAFIVAFRSGAVMGFLLAASGLLVLY++I++F +YYGDDWEGL+E+ITGYGLGGSSMAL 
Sbjct: 173 ' - 

GKAFIVAFRSGAVMGFLLAASGLLVLYVSIHLFSLYYGDDWEGLYESITGYGLGGSSMAL 232 
Query: 244 

FGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSY 303 

FGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDiAGMGSDLFGSY 
Sbjct: 233 

FGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSY 292 

Query: 304 AEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEP 
363 

AEASCAAL VASISSFGI+HD+TAM +PL+ISS+GI+VCL TTLFATDF EIK V EIEP 
Sbjct: 293 AEASCAALFVASISSFGISHDYTAMSFPLIISSVGIWCLGTTLFATDFVEIKNVSEIEP 
352 

Query: 364 ALKNQLIISWIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIG 
423 

+LK QL+IST++MT GIA+VS+ LP+ FT+FNFG+ K VKNW LF CV +GLWAGL+IG 
Sbjct: 353 SLKRQLLISTILMTAGIAWSFFALPSEFTLFNFGSTKTVKNWHLFFCVSIGLWAGLVIG 
412 

Query: 424 

FVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXM 483 

++TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK M 
Sbjct: 413 YITEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAtAIYVSFSMAAM 
472 



Query: 484 

YGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAI 543 

YG+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSH+IR+RTDALDAAGNTTAAI 
Sbjct: 473 

YGIAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHKIRQRTDALDAAGNTTAAI 532 
Query: 544 

GKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGS 603 

GKGFAIGSAALVSLALFGAFVSRAGI TVDVLTPKV IGL+VGAMLPYWFSAMTMKSVGS 
Sbjct: 533 

GKGFA1GSAALVSLALFGAFVSRAGIEWDVLTPKVFIGLIVGAMLPYWFSAMTMKSVGS 592 
Query: 604 

AALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFF 663 

AALKMVEEVRRQFNTIPGLMEG AKPDYATCVKISTDAS++EMIPPG LVMLTPLI G 
Sbjct: 593 

AALKMVEEVRRQFNTIPGLMEGRAKPDYATCVKISTDASLREMIPPGALVMLTPLIAGTL 652 
Query: 664 

FGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAA 723 

FGVETL+GVLAGSLVSGVQ+AISASNTGGAWDNAKKYIEAG SEHA+SLGPKGS+PHKAA 
Sbjct: 653 

FGVETLAGVLAGSLVSGVQVAISASNTGGAWDNAKKYIEAGASEHARSLGPKGSDPHKAA 712 

Query: 724 VIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFK 768 

VIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFA HGG+LFK 
Sbjct: 713 VIGDTtGDPLKDTSGPSLNILIKLMAVESLVFAPFFAAHGGLLFK 757 



J > gi|7436042|pir|lS72527 inorganic diphosphatase (EC 3.6.1.1), H+-translocating, vacuolar 

membrane (clone OVP2) - rice 
gi| 1 747296 |dbj|BAA08233. 1 1 vacuolar H+-pyrophosphatase [Oryza sativa Qaponica 

cultivar-group)] 
gi[3298476|dbj|BAA31 524. 1 1 ovp2 [Oryza sativa] 

gi|24413986ldbj|BAC22237.1 1 putative inorganic pyrophosphatase [Oryza sativa (japonica 



cultivar-group)] 
Length = 767 

Score = 1 146 bits (2964), Expect = 0.0 

Identities = 61 8/766 (80%), Positives = 667/766 (87%) 

Query: 5 ALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDIJOOOOOCXXXXXXXXXXDYLIE 
64 

A+L L TE+ +P+ A +G+AF++ QW +V+RVK+ DYLIE 
Sbjct: 2 

AILSALGTEVFIPVAAAVGVAFAVAQWLLVARVKVNPAHAAAAAASGGSKNGGYGDYLIE 61 
Query: 65 

EEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTD 124 

EEEG+ND +W KC EIQTAISEGATSFLFTEY+Y LGSVEGFST 
Sbjct: 62 EEEGLNDHNNAA/KCHEIQTAISEGATSFLFTEYQYVGIFMSIFAWIFLFLGSVEGFSTK 
121 

Query: 125 

NKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEARKGVG 1 84 

++PCTY + CKPAL A FST +F+LGA+TS++SG+LGMKIAT+ANARTTLEARKGVG 
Sbjct: 122 

SQPCTYSKDKYCKPALFNALFSTASFLLGAITSLVSGYLGMKi ATFANARTTLEARKGVG 181 
Query: 185 

KAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALF 244 

KAFI+AFRSGAVMGFLLA+SGL+VLYi INVFK+YYGDDWEGLFE+ITGYGLGGSSMALF 
Sbjct: 182 

KAFIIAFRSGAVMGFLLASSGLWLYIAINVFKLYYGDDWEGLFESITGYGLGGSSMALF 241 
Query: 245 

GRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 304 

GRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 
Sbjct: 242 

GRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 301 



Query: 305 EASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPA 
364 

E+SCAALWASISSFGINHDFT MCYPLL+SS+GI+VCLITTLFATDFFEIK VKEIEPA 
Sbjct: 302 ESSCAALWASISSFGINHDFTGMCYPLLVSSVGIIVCLITTLFATDFFEIKAVKEIEPA 
361 

Query: 365 LKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGF 
424 

LK QLIIST +MTVGIAI+SW+ LP FTIFNFG QK V NW LF CV +GLWAGLIIGF 
Sbjct: 362 LKKQLIISTALMTVGIAIISWLALPAKFTIFNFGAQKEVTNWGLFFCVAIGLWAGLIIGF 
421 

Query: 425 

VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMY 484 

VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK MY 
Sbjct: 422 VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAVSIYVSFSIAAMY 
481 

Query: 485 

GVAVAALGMLSTiATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 544 

G+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 
Sbjct: 482 

GIAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 541 
Query: 545 

KGFAtGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSA 604 

KGFAIGSAALVSLALFGAFVSRAG+ VDVL+PKV IGL+VGAMLPYWFSAMTMKSVGSA 
Sbjct: 542 

KGFAIGSAALVSLALFGAFVSRAGVKWDVLSPKVFIGLIVGAMLPYWFSAMTMKSVGSA 601 
Query: 605 

ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFF 664 
ALKMVEEVRRQFN+IPGLMEGT KPDYATCVKISTDASIKEMIPPG LVMLTPLIVG F 
Sbjct: 602 

ALKMVEEVRRQFNSIPGLMEGTGKPDYATCVKISTDASIKEMtPPGALVMLTPLIVGTLF 661 



Query: 665 

GVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAV 724 
GVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGPKGS+ HKAAV 
Sbjct: 662 

GVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSDCHKAAV 721 

Query: 725 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK+F 
Sbjct: 722 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKWF 767 



> gi|30027157lgb|AAP06752.1| vacuolar proton-inorganic pyrophosphatase [Hordeum 
brevisubulatum] 

Length = 773 

Score = 1 166 bits (3016), Expect = 0.0 

Identities = 634/772 (82%), Positives = 676/772 (87%), Gaps = 2/772 (0%) 

Query: 1 MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSD-LXXXXXXXXXXXXXXX 
58 

+VA A+LPEL T+++VP+ A +GI AF++ QW++VS+VK+ + 
Sbjct: 2 

WAAAILPELATQLWPVAAAVGIAFAVLQWFLVSKVKVAPERRGEGSGSAGAGGGKDGA 61 
Query: 59 

XDYLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSV 118 

+YLIEEEEG+ND +W KC AE I QT Al S EG ATS F L FT E Y KY LGS+ 
Sbjct: 62 SEYLIEEEEGLNDHNWLKCAEIQTAISEGATSFLFTEYKYAGGFMTVFAVLIFVFLGSI 
121 

Query: 119 

EGFSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLE 178 

EGFST ++PC Y +TCKPALA AAFSTIAFVLGAVTS++SGFLGMKIATYANARTTLE 
Sbjct: 122 

EGFSTKSQPCHYSVGKTCKPALAN AAFSTI AFVLGAVTSLVSGFLGMKI ATYAN ARTTLE 1 81 



Query: 179 

ARKGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGG 238 

ARKGVGKAFIVAFRSGAVMGFLLAASGL VLY+ IN+F +YYGDDWEGLFEAITGYGLGG 
Sbjct: 182 

ARKGVGKAFIVAFRSGAVMGFLLAASGLFVLYVAINLFGLYYGDDWEGLFEAITGYGLGG 241 
Query: 239 

SSMALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSD 298 

SSMALFGRVGGGIYTK ADVGADLVGK ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSD 
Sbjct: 242 

SSMALFGRVGGGIYTKTADVGADLVGKEERNIPEDDPRNPAVIADNVGDNVGDIAGMGSD 301 

Query: 299 LFGSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLV 
358 

LFGSYAE+SCAALWASISSFGINH+FT M YPLLISS+GI+ CLITTLFATDFFE+K V 
Sbjct: 302 LFGSYAESSCAALWASISSFGINHEFTPMMYPLLISSVGIIACLITTLFATDFFEVKEV 
361 

Query: 359 

KEIEPALKNQLtlSTVIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWA 418 

+IEPALK QLIIST +MTVGIA+VSW+GLP +FTIFNFG QK V +WQLFLCV VGLWA 
Sbjct: 362 

DQIEPALKKQLIISTAVMTVGIALVSWLGLPYTFTIFNFGAQKTVHSWQLFLCVAVGLWA 421 
Query: 419 

GLUGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXX 478 

GL+IGF+TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 422 GLVIGFITEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAFSIFLSF 
481 

Query: 479 

XXXXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGN 538 
MYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGN 
Sbjct: 482 

SLAAMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRiRERTDALDAAGN 541 



Query: 539 

TTAAIGKGFAIGSMLVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTM 598 
TTAAIGKGFAIGSAALVSLALFGAFVSRAGI TVDVLTP V IGLLVGAMLPYWFSAMTM 
Sbjct: 542 

TTAAIGKGFAIGSAALVSLALFGAFVSRAGITTVDVLTPNVFIGLLVGAMLPYWFSAMTM 601 
Query: 599 

KSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPL 658 

KSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDAS KEMIPPG LVMLTPL 
Sbjct: 602 

KSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASTKEMIPPGALVMLTPL 661 
Query: 659 

IVGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSE 718 
IVG FFGVETLSGVLAG+LVSGVQiAISASNTGGAWDNAKKYIEAG SEHAKSLGPKGS+ 
Sbjct: 662 

IVGTFFGVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASEHAKSLGPKGSD 721 

Query: 719 PHKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

HKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFAT+GGILFKY 
Sbjct: 722 CHKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATYGGILFKYL 773 



> gi|1 8086404|gb|AAL57660. 1 1 At1g15690/F7H2_3 [Arabidopsis thaliana] 
Length = 770 

Score = 1315 bits (3402), Expect = 0.0 

Identities = 717/770 (93%), Positives = 71 8/770 (93%) 

Query: 1 

MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXD 60 

MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDL D 
Sbjct: 1 

MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLGASSSGGANNGKNGYGD 60 



Query: 61 

YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEG 1 20 

• YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKY LGSVEG 
Sbjct: 61 YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYVGVFMIFFAAVIFVFLGSVEG 
120 

Query: 121 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 180 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 
Sbjct; 121 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 180 
Query: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 
Sbjct: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKiYYGDDWEGLFEAITGYGLGGSS 240 
Query: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 
Sbjct: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

Query: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
Sbjct: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

Query: 361 

IEPALKNQLIISWIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL420 

IEPALKNQLIISTVIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 
Sbjct: 361 IEPALKNQLIISTVIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 
420 



Query: 421 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXX 480 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 421 IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAISIFVSFSF 
480 

Query: 481 

XXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
MYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 
Sbjct: 481 

AAMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
Query; 541 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKS 
Sbjct: 541 

AAlGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVilGLLVGAMLPYWFSAMTMKS 600 
Query: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 660 

VGSAALKMVEEVRRQFNTIPGLM+GTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 
Sbjct: 601 

VGSAALKMVEEVRRQFNTIPGLMKGTAKPDYATCVKISTDAStKEMIPPGCLVMLTPLIV 660 
Query: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 
Sbjct: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 

Query: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 
Sbjct: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 



> gi|542059lpirl|S42893 inorganic diphosphatase (EC 3.6.1.1) - common tobacco 
gi|457744lemb|CAA54869.1 1 inorganic pyrophosphatase [Nicotiana tabacum] 
Length = 764 



Score = 1 197 bits (3096), Expect = 0.0 

identities = 644/769 (83%), Positives = 682/769 (88%), Gaps = 5/769 (0%) 

Query: 2 VAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDY 
61 

+ ALLP+L T+I++P+CAVIGI FS FQWY+VSRVK++S+ D 
Sbjct: 1 

MGSALLPDLGTQIVIPVCAVIGIVFSSFQWYLVSRVKVSSEHGATSPSSNKNNKNGYGDC 60 
Query: 62 

LIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGF 121 

LIEEEEG+ND +WAKCA+IQ AISEGATSFLFTEY+Y LGSVEGF 
Sbjct: 61 LIEEEEGINDHNWAKCADIQNAISEGATSFLFTEYQYVGIFMIAFAILIFLFLGSVEGF 
120 

Query: 122 

STDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEARK 181 

ST ++PCTY+ + CKPALATA FST++F+LGA+TSV+SGFLGMKIATYANARTTLEARK 
Sbjct: 121 STSSQPCTYNKEKRCKPALATAIFSTVSFLLGAITSVISGFLGMKI ATYANARTTLEARK 
180 

Query: 182 

GVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSM 241 

GVGKA +V VMGFLLAA+GLLVLYI IN+FK+YYGDDWEGLFEAITGYGLGGSSM 
Sbjct: 181 GVGKACLVQ — -VMGFLLAANGLLVLYIAINLFKLYYGDDWEGLFEAiTGYGLGGSSM 
235 

Query: 242 

ALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 301 

ALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 
Sbjct: 236 

ALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 295 



Query: 302 SYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEi 
361 

SYAE+SCAALWASISSFGI+HDFTAMCYPLLISSMGILVCLITTLFATDFFEIK VKEI 
Sbjct: 296 SYAESSCAALWASISSFGiDHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKAVKEI 
355 

Query: 362 

EPALKNQLIISWIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLI 421 

EPALKNQLIIST IMTVGIAIV+W LP+SFTIFNFGTQKWKNWQLFLCV VGLWAGLI 
Sbjct: 356 EPALKNQLIISTAIMTVGIAiVTWTCLPSSFTIFNFGTQKWKNWQLFLCVAVGLWAGLI 
415 

Query: 422 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXX 481 

IGFVTEYYTSNAYSPVQDVADSC TG AATN VI FGLALG YK 
Sbjct: 416 IGFVTEYYTSNAYSPVQDVADSCSTGAATNVI FGLALGYKSVI I PI FAIAI Al FVSFTFA 
475 

Query: 482 

XMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 541 

MYG+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 
Sbjct: 476 

AMYGIAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 535 
Query: 542 

AIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSV 601 

Al G KG F Al GS AAL VS L AL FG AF VS RAG I TVDVLTP+V IGL+VGAMLPYWFSAMTMKSV 
Sbjct: 536 

AIGKGFAIGSAALVSLALFGAFVSRAGISTVDVLTPQVFIGLIVGAMLPYWFSAMTMKSV 595 
Query: 602 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVG 661 - 

GSAALKMVEEVRRQFNTIPGLMEG AKPDYATCVKISTDASIKEMIPPG LVMLTPLIVG 
Sbjct: 596 

GSAALKMVEEVRRQFNTIPGLMEGLAKPDYATCVKISTDASIKEMIPPGALVMLTPLIVG 655 



Query: 662 

FFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHK 721 
FFGVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGPKGSEPHK 
Sbjct: 656 

IFFGVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSEPHK 715 

Query: 722 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKF 
Sbjct: 716 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKIF 764 



~" > gil25901033ldbj|BAC41250.1| vacuolar proton-inorganic pyrophosphatase [Pyrus 
communis] 

Length = 767 

Score = 1188 bits (3073), Expect = 0.0 

Identities = 643/765 (84%), Positives = 681/765 (89%), Gaps = 1/765 (0%) 

Query: 6 LLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLIEE 
65 

LL L TEI++P+ AV+GI FSL QW++VS VK+T + DYLIEE 
Sbjct: 4 LLSTLATEIVIPVAAWGIVFSLVQWFLVSLVKVTPE-RNAPPSGPNSNKNGCNDYLIEE 
62 

Query: 66 

EEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDN 125 

EEG+NDQ+W KCAEIQ AISEG+TSFLFT Y+Y LGSVEGFST + 

Sbjct: 63 

EEGLNDQNVWKCAEIQNAISEGSTSFLFTMYQYVGVFMWFAILIFLFLGSVEGFSTKS 122 
Query: 126 

KPCTYDTTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKI ATYAN ARTTLEARKGVGK 1 85 
+PCTYD +TCKPALATA FST+AFVLG +TSVLSGFLGMKI ATYAN ARTTLEARKGVGK 
Sbjct: 123 

QPCTYDAAKTCKPALATAIFSTVAFVLGGITSVLSGFLGMKIATYANARTTLEARKGVGK 1 82 



Query: 186 

AFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALFG 245 

AFI AFRSGAVMGFLLAA+GLLVL+ITIN+FK+YYGDDWEGLFE+ITGYGLGGSSMALFG 
Sbjct: 183 

AFITAFRSGAVMGFLLAANGLLVLFITINLFKLYYGDDWEGLFESITGYGLGGSSMALFG 242 
Query: 246 

RVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 305 

RVGGGIYTKAADVGADLVGK+ERNtPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 
Sbjct: 243 

RVGGGtYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 302 

Query: 306 ASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPAL 
365 

+SCAALWASISSFGINH+FT M YPLLISS+GI+VCLITTLFATDFFEIK VKEIEPAL 
Sbjct: 303 SSCAALWASISSFGINHEFTPMLYPLLISSVGIIVCLITTLFATDFFEIKAVKEIEPAL 362 

Query: 366 KNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGFV 
425 

K Q L 1 1 STV+ MT+G I Al VS W+ LP+SFTIFNFG QKWKNWQLFLCV VGLWAGLIIGFV 
Sbjct: 363 KKQLIISTVLMTIGIAIVSWIALPSSFTIFNFGVQKWKNWQLFLCVAVGLWAGLIIGFV 
422 

Query: 426 

TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMYG 485 

TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK MYG 
Sbjct: 423 TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAVSIYVSFSFAAMYG 
482 

Query: 486 

VAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 545 

+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 
Sbjct: 483 

IAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 542 



Query: 546 

GFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSAA 605 
GFAIGSAALVSLALFGAFVSRA I TVDVLTPKV IGL+VGAMLPYWFSAMTMKSVGSAA 
Sbjct: 543 

GFAIGSAALVSLALFGAFVSRAAISWDVLTPKVFIGLIVGAMLPYWFSAMTMKSVGSAA 602 
Query: 606 

LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFFG 665 
LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPG LV+LTPLIVG FFG 
Sbjct: 603 LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKtSTDASIKEMIPPGALVILTPLIVGTFFG 
662 

Query: 666 

VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAVI 725 
VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGPKGS+PHKAAVI 
Sbjct: 663 

VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSDPHKAAVI 722 

Query: 726 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK F 
Sbjct: 723 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKIF 767 



> gi|22532391 |gblAAM97920. 1 1 vacuolar proton-pumping PPase [Chenopodium rubrum] 
gi|22532393|gb|AAM97921 .1 1 vacuolar proton-pumping PPase [Chenopodium rubrum] 
Length = 764 

Score = 1 179 bits (3049), Expect = 0.0 

Identities = 638/765 (83%), Positives = 678/765 (88%), Gaps = 5/765 (0%) 

Query: 6 LLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLIEE 
65 

LLP+L TEIL+P+CAVIGI FSL QWYWS+VKL+ D + LIEE 

Sbjct: 5 LLPDLGTEILIPVCAVIGIVFSLIQWYWSQVKLSPD SGRSNNNKNGFSENLIEE 59 



Query: 66 

EEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDN 1 25 

EEG+NDQSWAKCAEIQ AISEG+TSFL+T Y+Y LGSVEGFST + 

Sbjct: 60 EEGINDQSWAKCAEIQNAISEGSTSFLYTMYQYVGIFMIAFAVLIFVFLGSVEGFSTKS 
119 

Query: 126 

KPCTYDTTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVGK 1 85 
+ CTYD ++TCKPALATA FST++F+LGAVTS+ SGFLGMKIATYANARTTLEARKGVGK 
Sbjct: 120 

QECTYDKSKTCKPALATAIFSTVSFLLGAVTSLASGFLGMKIATYANARTTLEARKGVGK 1 79 
Query: 186 

AFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALFG 245 

AFIVAFRSGAVMGFLLAA+GLLVLYITI +FK+YYGDDWEGLFEAITGYGLGGSSMALFG 
Sbjct: 180 

AFIVAFRSGAVMGFLLAANGLLVLYITILLFKLYYGDDWEGLFEAITGYGLGGSSMALFG 239 
Query: 246 

RVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 305 

RVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 
Sbjct: 240 

RVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 299 

Query: 306 ASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPAL 
365 

+SCAALWASISSFG1NH+ TA+ YPLLISS+GI++CLITTLFATDFFEIK VKEIEPAL 
Sbjct: 300 SSCAALWASISSFGINHELTAILYPLLISSVGIVICLiTTLFATDFFEIKAVKEIEPAL 359 

Query: 366 KNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGFV 
425 

K QL+IST +MTV +A++SWV LP+SFTIF+FG+Q+ VKNWQLFLCV VGLWAGLIIGFV 
Sbjct: 360 

KKQLVISTALMTVAVAVISWVALPSSFTIFDFGSQREVKNWQLFLCVAVGLWAGLIIGFV 419 
Query: 426 

TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMYG 485 



TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK MYG 
Sbjct: 420 TEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAVSIFVSFSFAAMYG 
479 

Query: 486 

VAVAALGMLSTtATGLAIDAYGPlSDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 545 

+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAA1GK 
Sbjct: 480 

IAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGK 539 
Query: 546 

GFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSAA 605 
G FA! GSAALVS LAL FG AFVS RA I TVDVLTPKV IGLLVGAMLPYWFSAMTMKSVGSAA 
Sbjct: 540 

GFAIGSAALVSLALFGAFVSRAAISWDVLTPKVFIGLLVGAMLPYWFSAMTMKSVGSAA 599 
Query: 606 

LKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFFG 665 

LKMVEEVRRQFN IPGLMEGTAKPDYA CVKISTDASIKEMIPPG LVMLTPLIVG FG 
Sbjct: 600 

LKMVEEVRRQFNEIPGLMEGTAKPDYANCVKISTDASIKEMIPPGALVMLTPLIVGTLFG 659 
Query: 666 

VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAVI 725 
VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAG SEHA+ LGPKGS+ HKAAVI 
Sbjct: 660 

VETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGASEHARQLGPKGSDAHKAAVI 719 

Query: 726 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFKF 
Sbjct: 720 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKIF 764 



> gi|7436047|pir||T14564 inorganic diphosphatase (EC 3.6.1 .1 ), vacuolar - beet 
gi|485744|gb|AAA61610.1| pyrophosphatase [Beta vulgaris] 



Length = 765 



Score = 1 168 bits (3022), Expect = 0.0 

Identities = 635/770 (82%), Positives = 677/770 (87%), Gaps = 6/770 (0%) 

Query: 2 VAPALLPELmEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDY 
61 

+ ALLP+L TEI++P+CAVIGIAFSL QWY+V RVKL+ D D 
Sbjct: 1 MGAALLPDLITEIIIPVCAVIGIAFSLLQWYIVLRVKLSPD STRNNNNKNGFSDS 55 

Query: 62 

LIEEEEGVNDQSWAKCAEIQTAtSEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGF 121 

LIEEEEG+NDQSWAKCAEIQ AISEGATSFLFTEY+Y LGSVEGF 
Sbjct: 56 LIEEEEGLNDQSWAKCAEIQNAISEGATSFLFTEYQYVGIFMVAFAVLIFLFLGSVEGF 
115 

Query: 122 

STDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARK 1 81 

ST ++ CTYD TR CKPALATA FST+AF+LGA+TS+ SGF GMKIATYANARTTLEARK 
Sbjct: 116 

STSSQECTYDKTRRCKPALATAIFSTVAFLLGAITSLGSGFFGMKIATYANARTTLEARK 175 
Query: 182 

GVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSM 241 

GVGKAFIVAFRSGAVMGFLLAA+GLLVLYITI +FKIYYGDDWEGLFEAITGYGLGGSSM 
Sbjct: 176 

GVGKAFIVAFRSGAVMGFLLAANGLLVLYITILLFKIYYGDDWEGLFEAITGYGLGGSSM 235 
Query: 242 

ALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF- 300 

ALFGRV GGIYTKAADVGADLVGK+ER+IPEDDPRNPAVIADNVGDNVGDIAG G +F 
Sbjct: 236 

ALFGRVAGGIYTKAADVGADLVGKVERDIPEDDPRNPAVIADNVGDNVGDIAGYGVLIFL 295 

Query: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

SYAE+SCAALW SISSFGI+HD TAM YPLL+SS+GI+VCLITTLFATDFFEIK VKE 



Sbjct: 296 DSYAESSCAALWRSISSFGISHDLTAMMYPLLVSSVGIIVCLITTLFATDFFEIKAVKE 
355 

Query: 361 

IEPALKNQLIISWIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL420 

IEPALK QLIIST +MTVG+A++SW+ LPTSFTIF+FG+QK V+NWQLFLCV VGLWAGL 
Sbjct: 356 IEPALKKQLIISTALMTVGVAVISWIALPTSFTIFDFGSQKEVQNWQLFLCVAVGLWAGL 
415 

Query: 421 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXX 480 

1 1 G FVT E YYTS NAYS PVQ D VADSC RTG AATN VI FG L ALG YK 
Sbjct: 416 IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAISIFVSFSF 
475 

Query: 481 

XXMYGVAVAALGMLSTIATGLAIDAYGPISDNIAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
MYG+A+AALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 
Sbjct: 476 

AAMYGIAMAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 535 
Query: 541 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 
AAIGKGFAIGSAALVSLALFGAFVSRA I TVDVLTPKV IGL+VGAMLPYWFSAMTMKS 
Sbjct: 536 

AAiGKGFAIGSAALVSLALFGAFVSRASIQTVDVLTPKVFIGLIVGAMLPYWFSAMTMKS 595 
Query: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 660 
VGSAALKMVEEV +QFNTIPGL+EGTAKPDYATCVKISTDASIKEMIPPG LVMLTPLIV 
Sbjct: 596 VGSAALKMVEEVPKQFNTIPGLLEGTAKPDYATCVKISTDASIKEMIPPGALVMLTPLIV 
655 

Query: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 
G FFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGPKGS+ H 



Sbjct: 656 

GTFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSDAH 715 

Query: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFKY 
Sbjct: 716 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKYL 765 



> gi|1 1527561 |dbj|BAB18681 .1 1 vacuolar proton-inorganic pyrophosphatase [Hordeum 
vulgare subsp. 
vulgare] 
Length = 771 

Score = 1 157 bits (2994), Expect = 0.0 

Identities = 632/769 (82%), Positives = 674/769 (87%), Gaps = 1/769 (0%) 

Query: 1 MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSD-DOOOOCXXXXXXXXXXX 

59 . 

MVA A+LPEL T+++VP+ A +GIAF++ QW +VS+VK+ + 
Sbjct: 1 

MVAAAILPELATQLWPVAAAVGIAFAVLQWVLVSKVKVAPEPRAEGGSASAVGAKDGAT 60 
Query: 60 

DYLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVE 119 

+YLIEEEEG+ND +W KCAEIQTAISEG TSFLFTEYKY LGS+E 
Sbjct: 61 EYLIEEEEGLNDHNWLKCAEIQTAISEGQTSFLFTEYKYAGGFMTIFAVLIFVFLGSIE 
120 

Query: 120 

GFSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEA 1 79 

' GFST ++PC Y +TCKPALA AAFSTIAFVLGAVTS++SGFLGMKI ATYANARTTLEA 
Sbjct: 121 

GFSTKSQPCH YSVGKTCKPALAN AAFSTI AFVLGAVTSLVSGFLGMKi ATYANARTTLEA 1 80 



Query: 180 

RKGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGS 239 
RKGVGKAFI AFRSGAVMGFLLAASGL VLY+ IN+F +YYGDDWEGLFEAITGYGLGGS 
Sbjct: 181 

RKGVGKAFITAFRSGAVMGFLLAASGLFVLYVAINLFGLYYGDDWEGLFEAITGYGLGGS 240 
Query: 240 

SMALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDL 299 

SMALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDL 
Sbjct: 241 

SMALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDL 300 

Query: 300 FGSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVK 
359 

FGSYAE+SCAALWASISSFGINH+FT M YPLLISS+GI+ CLiTTLFATDFFE+K V 
Sbjct: 301 FGSYAESSCAALWASISSFGINHEFTPMMYPLLISSVGIIACLITTLFATDFFEVKEVD 
360 

Query: 360 

EIEPALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAG419 

+IEPALK QLIIST +MT+GIA+VSW+GLP +FTIFNFG QK V +WQLFLCV VGLWAG 
Sbjct: 361 

QIEPALKRQLIISTAVMTIGIALVSWLGLPYTFTIFNFGAQKTVHSWQLFLCVAVGLWAG 420 
Query: 420 

LIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXX 479 

L+IGF+TEYYTSNAYSPVQDVADSCRTGAATNViFGLALGYK 
Sbjct: 421 LVIGFITEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAFSIFLSFS 
480 

Query: 480 

XXXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNT 539 
MYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNT 
Sbjct: 481 

LAAMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNT 540 



Query: 540 

TAAIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMK599 
TAAIGKGFAIGSAALVSLALFGAFVSRAGI TVDVLTP V I G LL VG AM L P YWF S AMTM K 
Sbjct: 541 

TAAIGKGFAIGSAALVSLALFGAFVSRAGITTVDVLTPNVFIGLLVGAMLPYWFSAMTMK 600 
Query: 600 

SVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLI 659 

SVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPG LVMLTPLt 
Sbjct: 601 

SVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDAStKEMIPPGALVMLTPLl 660 
Query: 660 

VGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEP 719 

VG FGVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHAKSLGPKGS+ 
Sbjct: 661 

VGTLFGVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASEHAKSLGPKGSDC 720 

Query: 720 HKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFK 768 

HKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFAT+GGILFK. 
Sbjct: 721 HKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATYGGILFK 769 



> gil3402487|dbj|BAA32210.1| Vacuolar proton pyrophosphatase [Arabidopsis thaliana] 
Length = 770 

Score = 1311 bits (3392), Expect = 0.0 

Identities = 717/770 (93%), Positives = 717/770 (93%) 

Query: 1* 

MVAPALLPELmEILVPICAVIGlAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXD 60 

MVAPALL ELWTEILVPtCAVIGIAFSLFQWYWSRVKLTSDL D 
Sbjct: 1 

MVAPALLLELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLGASSSGGANNGKNGYGD 60 



Query: 61 

YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEG 120 

YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKY LGSVEG 
Sbjct: 61 YLIEEEEGVNDQSWAKCAEtQTAISEGATSFLFTEYKYVGVFMIFFAAVIFVFLGSVEG 
120 

Query; 121 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 1 80 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 
Sbjct: 121 

FSTDNKPCTYDTTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKI ATYAN ARTTLEAR 1 80 
Query: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 
Sbjct: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 
Query: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 
Sbjct: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

Query: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLiTTLFATDFFEIKLVKE 
Sbjct: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

Query: 361 

IEPALKNQLIISWIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL420 

IEPALKNQLIISTVIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 
Sbjct: 361 IEPALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 
420 



Query: 421 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXX 480 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 421 IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAISIFVSFSF 
480 

Query: 481 

XXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
MYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 
Sbjct: 481 

AAMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
Query: 541 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKS 
Sbjct: 541 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 
Query: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 660 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 
Sbjct: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 660 
Query: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 
Sbjct: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 

Query: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 
Sbjct: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 



> gi|45479863lgb| AAS66771 , 1 1 PPase [Hevea brasiliensis] 
Length = 769 

Score = 1207 bits (3122), Expect = 0.0 

Identities = 651/766 (84%), Positives = 685/766 (89%) 

Query: 5 ALLPELmEILVPICAVIGIAFSLFQWYN/VSRVKLTSDLXXXXXXXXXXXXXXXXDYLIE 
64 

A+L EL TEILVP+CAV+GI FSL QWY+VSRVKLT + D LIE 

Sbjct:4 AVLSELGTEILVPVCAWGIVFSLIQWYLVSRVKLTPERQAPGSSPAGANKNGYNDCLIE 
63 

Query: 65 

EEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTD 124 

EEEG+ND S WAKC AEI +TAI S EG ATS FLFTE Y+ Y LGSVEGFST 
Sbjct:64 EEEGLNDHSWAKCAEIRTAISEGATSFLFTEYQYVGVFMVAFAILIFLFLGSVEGFSTK 
123 

Query: 125 

NKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVG 1 84 
++PCTYD +TCKPALATA FST++F+LG A TS V+ SG FLG MKI AT YAN ARTTL EARKG VG 
Sbjct: 124 

SQPCTYDKQ KTCKP ALATAI FSTVSF LLG AFTSWSG FLGM KIATYAN ARTTL E ARKG VG 1 83 
Query: 185 

KAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALF 244 
KAFI AFRSGAVMGFLLAA+GLLVLYI I N+FK+YYG+DWEGLFE+ITGYGLGGSSM ALF 
Sbjct: 184 

KAFITAFRSGAVMGFLLAANGLLVLYIAINLFKLYYGEDWEGLFESITGYGLGGSSMALF 243 
Query: 245 

GRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 304 

GRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 
Sbjct: 244 

GRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 303 



Query: 305 EASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPA 
364 

E+SCAALW ISSFGINHDFTAM YPLLISS+GILVCLITTLFATDFFEIK VKEIEPA 
Sbjct: 304 ESSCAALVWPISSFGINHDFTAMLYPLLISSVGILVCLITTLFATDFFEIKAVKEIEPA 
363 

Query: 365 LKNQLIISTVIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGF 
424 

LK QLNSTV+MTVGIAiV+W+GLP+SFTIFNFGTQKWKNWQLFLCV VGLWAGLIIGF 
Sbjct: 364 LKKQLIISTVLMWGIAIVTWIGLPSSFTIFNFGTQKWKNWQLFLCVAVGLWAGLIIGF 
423 

Query: 425 

VTEYYTSN AYSPVQDVADSCRTGAATN VI FGLALGYKXXXXXXXXXXXXXXXXXXXXXMY 484 

VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK MY 
Sbjct: 424 VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAIGIFVSFSFAAMY 
483 

Query: 485 

GVAVAALGMLSTIATGLAIDAYGPISDNjAGGlAEMAGMSHRIRERTDALDAAGNTTAAIG 544 

G+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 
Sbjct: 484 

GIAVAALGMLSTIATGLAI DAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 543 
Query: 545 

KGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSA 604 
KG F Al G S AALVS L AL F G AFVS R A I TVDVLTPKV IGL+VGAMLPYWFSAMTMKSVGSA 
Sbjct: 544 

KGFAIGSAALVSLALFGAFVSRASISTVDVLTPKVFIGLIVGAMLPYWFSAMTMKSVGSA 603 
Query: 605 

ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFF 664 
ALKMVEEVRRQFNTtPGLMEG AKPDYATCVKISTDASIKEMIPPG LVMLTPLIVG FF 
Sbjct: 604 

ALKMVEEVRRQFNTIPGLMEGHAKPDYATCVKISTDASIKEMIPPGALVMLTPLIVGTFF 663 



Query: 665 

GVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAV 724 
GVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGPKGS+PHKAAV 
Sbjct: 664 

GVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSDPHKAAV 723 

Query: 725 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFKF 
Sbjct: 724 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKMF 769 



> gi|2827755|sp[P21 61 6|AVP3„PHAAU Pyrophosphate-energized vacuolar membrane 
proton pump 

(Pyrophosphate-energized inorganic pyrophosphatase) 

(H+-PPase) (Vacuolar H+-pyrophosphatase) 
gi[7436048|pir||T10841 inorganic diphosphatase (EC 3.6.1.1) - mung bean 
gil951323|gb|AAC49175.1| pyrophosphatase 

Length = 765 

Score = 1171 bits (3030), Expect = 0.0 

Identities = 638/769 (82%), Positives = 681/769 (88%), Gaps = 4/769 (0%) 

Query: 2 VAPALLPELmEILVPICAVIGIAFSLFQWYWSRVKLTSDLX>^00OOO0000000(XDY 
61 

+ A+LP+L TEIL+P+CAVIGIAF+LFQW +VS+VKL++ DY 
Sbjct: 1 MGAAILPDLGTEILIPVCAVIGIAFALFQWLLVSKVKLSA--VRDASPNAAAKNGYNDY 57 

Query: 62 . . 

LIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXL'GSVEGF 121 

LIEEEEG+ND +W KCAEIQ AISEGATSFLFTEYKY LGSVEGF 
Sbjct: 58 LIEEEEGINDHNVWKCAEIQNAISEGATSFLFTEYKYVGIFMVAFAILIFLFLGSVEGF 
117 

Query: 122 

STDNKPCTYDTTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKI ATYANARTTLEARK 1 81 



ST + C+YD T+TCKPALATA FST++F+LG VTS++SGFLGMKIATYANARTTLEARK 
Sbjct: 118 

STSPQACSYDKTKTCKPALATAIFSTVSFLLGGVTSLVSGFLGMKIATYANARTTLEARK 177 
Query: 182 

GVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSM 241 
GVGKAFI AFRSGAVMGFLLAA+GLLVLYI IN+FKIYYGDDW GLFEAITGYGLGGSSM 
Sbjct: 178 

GVGKAFITAFRSGAVMGFLLAANGLLVLYIAINLFKIYYGDDWGGLFEAITGYGLGGSSM 237 
Query: 242 

ALFGRVGGGIYTKAADVGADLVGKIERNtPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 301 

ALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 
Sbjct: 238 

ALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 297 

Query: 302 SYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEI 
361 

S YAE+SCAALWASI SSFG+ N H + TAM YPL++SS+GILVCL+TTLFATDFFEIK VKEI 
Sbjct: 298 SYAESSCAALWASISSFGLNHELTAMLYPLIVSSVGILVCLLTTLFATDFFEIKAVKEI 
357 

Query: 362 

EPALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLI 421 
EPALK QL+ISTV+MT+G+A+VS+V LPTSFTIFNFG QK VK+WQLFLCV VGLWAGLI 
Sbjct: 358 

EPALKKQLVISTVLMTIGVAWSFVALPTSFTIFNFGVQKDVKSWQLFLCVAVGLWAGLI 41 7 
Query: 422 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXX 481 

I G FVTE YYTS NAYS PVQ D VAD SC RTG AATN VI FG LALG Y K 
Sbjct: 418 IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAtAISIFVSFTFA 
477 

Query: 482 

XMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRtRERTDALDAAGNTTA 541 
MYG+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 



Sbjct: 478 

AMYGIAVAALGMLSTIATGLAIDAYGPISDNAGGiAEMAGMSHRIRERTDALDAAGNTTA 537 
Query: 542 

AIGKGFAIGSMLVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSV 601 
Al G KG F Al G S AAL VSL AL FG AFVS RA I TVDVLTPKV IGL+VGAMLPYWFSAMTMKSV 
Sbjct: 538 AIGKGFAIGSAALVSLALFGAFVSRASITWDVLTPKVFIGLIVGAMLPYWFSAMTMKSV 
597 

Query: 602 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVG 661 

GS AALKM VEE VRRQF NTI PGLM EGTAKPDYATCVKI STDASI KEM I P PG LVM LTPL+VG 
Sbjct: 598 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGALVMLTPLWG 657 
Query: 662 

FFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHK 721 

FGVETLSGVLAGSLVSGVQIAISASNT GAWDNAKKYI EAG SEHA+SLGPKGS+ HK 
Sbjct: 658 ILFGVETLSGVLAGSLVSGVQIAISASNT- 
GAWDN AKKYI EAG ASEHARSLG PKGSDCH K 7 1 6 

Query: 722 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK F 
Sbjct: 717 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKIF 765 



> gi|41023649|emb|CAF18416.1| proton translocating pyrophosphatase [Oryza sativa] 
Length = 762 ■ 

Score = 1 140 bits (2949), Expect = 0.0 

Identities = 620/766 (80%), Positives = 666/766 (86%), Gaps = 5/766 (0%) 

Query: 5 ALLPELmEILVPICAVIGIAFSLFQWYWSRVKLTSDUOCXXXXXXXXXXXXXXDYLIE 
64 

A+L ++ TE+L+PI A+IGI FS+ QW +V+RVKL D LIE 



Sbjct: 2 AILSDVATEVLIPIAAIIGIGFSIAQWVLVARVKLAPS QPGASRSKDGYGDSLIE 56 

Query: 65 

EEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTD 124 

EEEG+ND +WAKCAEIQ AI+EGATSFLFTEY+Y LGSVEGFST 
Sbjct: 57 EEEGLNDHNWAKCAEIQNAIAEGATSFLFTEYQYVGVFMSIFAWIFLFLGSVEGFSTK 
116 

Query: 125 

NKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEARKGVG 1 84 

PCTY + CKPAL A FST++F+LGA+TSV+SGFLGMKI ATYANARTTLEARKGVG 
Sbjct: 117 

THPCTYSKDKECKPALFNALFSTVSFLLGAITSWSGFLGMKI ATYANARTTLEARKGVG 1 76 
Query: 185 

KAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALF 244 
KAFI AFRSGAVMGFLLA++GLLVLYI IN+FK+YYGDDWEGLFE+ITGYGLGGSSMALF 
Sbjct: 177 

KAFITAFRSGAVMGFLLASNGLLVLYIAINLFKMYYGDDWEGLFESITGYGLGGSSMALF 236 
Query: 245 

GRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 304 

GRVGGGIYTKAADVGA LVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 
Sbjct: 237 

GRVGGGIYTKAADVGAGLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 296 

Query: 305 EASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPA 
364 

E+ S CAAL WAS ISSFGINHDFT MCYPLL+SSMGI+VCLITTLFATDFFEIK VKEIEP+ 
Sbjct: 297 ESSCAALWASISSFGINHDFTGMCYPLLVSSMGIIVCLITTLFATDFFEIKAVKEIEPS 
356 

Query: 365 LKNQLMSWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGF 
424 

LK QLHST +MTVGIA+VSW+ LP FTIFNFG QK V NW LFLCV +GLWAGLIIG+ 
Sbjct: 357 LKKQLIISTALMTVGIALVSWLALPYKFTIFNFGEQKEVTNWGLFLCVSIGLWAGLIIGY 
416 



Query: 425 

VTEYYTSN AYSPVQDVADSCRTGAATN VI FGLALG YKXXXXXXXXXXXXXXXXXXXXXMY 484 

VTEYYTSNAYSPVQDVAD+CRTGAATNVIFGLALGYK MY 
Sbjct: 417 VTEYYTSNAYSPVQDVADACRTGAATNVIFGLALGYKSVIIPIFAIALGIYVSFTIAAMY 
476 

Query: 485 

GVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 544 

G+AVAALGMLSTIATGL+IDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 
Sbjct: 477 

GIAVAALGMLSTIATGLSIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 536 
Query: 545 

KGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSA 604 

KGFAIGSAALVSLALFGAFVSRAG+ VDVL+PKVIIGL+VGAMLPYWFSAMTMKSVGSA 
Sbjct: 537 

KGFAIGSAALVSLALFGAFVSRAGVKWDVLSPKVIIGLIVGAMLPYWFSAMTMKSVGSA 596 
Query: 605 

ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFF 664 

ALKMVEEVRRQFNTIPGLMEGT KPDYA CVKISTDASIK+MIPPG LVMLTPLIVG F 
Sbjct: 597 

ALKMVEEVRRQFNTIPGLMEGTGKPDYANCVKISTDASIKQMIPPGALVMLTPLIVGTLF 656 
Query: 665 

GVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAV 724 
GV+TLSGVLAG+LVSGVQ+AISASNTGGAWDNAKKYIEAG SEHA+SLGPKGS+ HKAAV 
Sbjct: 657 

GVQTLSGVLAGALVSGVQVAISASNTGGAWDNAKKYI EAGASEHARSLGPKGSDCHKAAV 71 6 

Query: 725 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFK F 
Sbjct: 717 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKLF 762 



> gi|38045977|gb|AAR0891 3.1 1 pyrophosphate-energized vacuolar membrane proton pump 
[Thellungiella salsuginea] 
Length = 771 



Score = 1279 bits (3310), Expect = 0.0 

Identities = 695/771 (90%), Positives = 708/771 (91%), Gaps = 1/771 (0%) 

Query: 1 MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSD-LXXXXXXXXXXXXXXXX 
59 

MVA A LPELWTEILVP+CAVIGIAFSLFQW++VSRV++T+D 
Sbjct: 1 

MVASAFLPELWTEILVPVCAVIGIAFSLFQWFIVSRVRVTADQGASSSSGGSNNGKNGYG 60 
Query: 60 

DYLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVE 119 

DYLIEEEEG+N+QSWAKCAEIQTAISEGATSFLFTEYKY LGSVE 
Sbjct: 61 DYLIEEEEGLNEQSWAKCAEIQTAISEGATSFLFTEYKYVGVFMVFFAAIIFVFLGSVE 
120 

Query: 120 

GFSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYAN ARTTLEA 1 79 

GFST NKPCTYD T+ TC KP AL AT AAFST+AFVLGAVTSVLSGFLGMKI ATYAN ARTTLEA 
Sbjct: 121 

GFSTKNKPCTYDDTKTCKPALATAAFSTVAFVLGAVTSVLSGFLGMKIATYANARTTLEA 180 
Query: 180 

RKGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGS 239 
RKGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIY BDWEGLFEAITGYGLGGS 
Sbjct: 181 

RKGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYXXBDWEGLFEAITGYGLGGS 240 
Query: 240 

SMALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDL 299 

SMALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDL 
Sbjct: 241 

SMALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDL 300 



Query: 300 FGSYAEASCAALWASISSFGINHDFTAMCYPLUSSMGILVCLITTLFATDFFEIKLVK 
359 

FGSYAEASCAALWASISSFGINHDFTAM YPLLISSMGILVCLITTLFATDFFEIK VK 
Sbjct: 301 FGSYAEASCAALWASISSFGINHDFTAMLYPLLISSMGILVCLITTLFATDFFEIKAVK 
360 

Query: 360 

EIEPALKNQLIISWIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAG419 

EIEPALKNQLNSWIMTVGIAIVSWVGLP+SFTIFNFGTQKWKNWQLFLCVCVGLWAG 
Sbjct: 361 EIEPALKNQLIISWIMTVGIAIVSWVGLPSSFTIFNFGTQKWKNWQLFLCVCVGLWAG 
420 

Query: 420 

LIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXX 479 

LIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 421 LIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAASIFVSFS 
480 

Query: 480 

XXXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNT 539 
MYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNT 
Sbjct: 481 

FAAMYGVAVAALGMLSTIATGLAI DAYGPiSDNAGGIAEMAGMSHRIRERTDALDAAGNT 540 
Query: 540 

TAAI G KG F Al G S AAL VS LAL FG AFVS RAG I HTVDVLT P KVI I G LL VG AM L P YWFS AMTM K 599 

TAAIGKGFAIGSAALVSLALFGAFVSRAG+HTVDVLTPKVIIGLLVGAMLPYWFSAMTMK 
Sbjct: 541 

TAAIGKGFAIGSAALVSLALFGAFVSRAGVHWDVLTPKVIIGLLVGAMLPYWFSAMTMK 600 
Query: 600 

SVGSAALKM VE EVRRQF NTi PGLM EGTAKPDYATCVKI STDASI KEM I PPGCLVM LTPLI 659 

SVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLI 
Sbjct: 601 

SVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLI 660 



Query: 660 

VGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEP 719 

VGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEP 
Sbjct: 661 

VGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEP 720 

Query: 720 HKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

HKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKY 
Sbjct: 721 HKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGtLFKYL 771 



> gi|38488590ldbj|BAD02277.1 1 vacuolar proton pyrophosphatase [Oryza sativa (japonica 
cultivar-group)] 
Length = 770 

Score = 1 175 bits (3039), Expect = 0.0 

Identities = 638/770 (82%), Positives = 676/770 (87%) 

Query: 1 

MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXD 60 

M A A+LPEL ++++P+ A +GIAF++ QW +VS+VKLT++ D 
Sbjct: 1 

MAAAAILPELAAQWIPVAAAVGIAFAVLQWALVSKVKLTAEPRRGEAGGAAGGKSGPSD 60 
Query: 61 

YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEG 120 

YLIEEEEG+ND +W+ KC AE I QTAI S E GATS F LFTE YKY LGSVEG 
Sbjct: 61 YLIEEEEGLNDHNWSKCAEIQTAISEGATSFLFTEYKYVGLFMSIFAVLIFLFLGSVEG 
120 

Query: 121 

FSTDNKPCTYDTTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKiATYANARTTLEAR 1 80 

FST ++PC Y +TCKPALA A FSTIAFVLGAVTS++SGFLGMKIATYANARTTLEAR 
Sbjct: 121 

FSTKSQPCHYSKDKTCKPALANAIFSTIAFVLGAVTSLVSGFLGMKIATYANARTTLEAR 1 80 



Query: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 
KGVGKAFl AFRSGAVMGFLLAASGLLVLYI IN+F IYYGDDWEGLFEAITGYGLGGSS 
Sbjct: 181 

KGVGKAFITAFRSGAVMGFLLAASGLLVLYIAINLFGIYYGDDWEGLFEAITGYGLGGSS 240 
Query: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

MALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 
Sbjct: 241 

MALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

Query: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

GSYAE+SCAALWASISSFGINH+FT M YPLL+SS+GI+ CLITTLFATDFFEIK V E 
Sbjct: 301 GSYAESSCAALWASISSFGINHEFTPMVYPLLVSSVGIIACLITTLFATDFFEIKAVSE 
360 

i 

Query: 361 

IEPALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 420 

IEPALK QLIIST MTVGIA+VSW+GLP +FTIFNFG QK V++WQLFLCV VGLWAGL 
Sbjct: 361 

IEPALKKQLIISTAFMWGIALVSWLGLPYTFTIFNFGAQKTVQSWQLFLCVAVGLWAGL 420 
Query: 421 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXX 480 

1 1 G FVT E YYTS NAYS PVQ D VADSC RTG AAT N VI FGLALGYK 
Sbjct: 421 IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVItPIFAIAFSIFLSFSL 
480 

Query: 481 

XXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
MYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 
Sbjct: 481 

AAMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGiAEMAGMSHRIRERTDALDAAGNTT 540 



Query: 541 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 
AAIGKGFAIGSAALVSLALFGAFVSRA I TVDVLTPKV IGL+VGAMLPYWFSAMTMKS 
Sbjct: 541 

AAIGKGFAIGSAALVSLALFGAFVSRAAISTVDVLTPKVFIGLIVGAMLPYWFSAMTMKS 600 
Query: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMtPPGCLVMLTPLIV 660 
VGSAALKMVEEVRRQFNTIPGLMEGT KPDYATCVKISTDASIKEMIPPG LVMLTPLIV 
Sbjct: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTTKPDYATCVKISTDASIKEMIPPGALVMLTPLIV 660 
Query: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 

G FGVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG S HA++LGPKGS+PH 
Sbjct: 661 

GILFGVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASGHARTLGPKGSDPH 720 

Query: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKF 
Sbjct: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKLF 770 



> gi|2129949|pir|lS61422 inorganic diphosphatase (EC 3.6.1.1) (clone TVP5) - common 
tobacco 

Length = 764 

Score = 1 190 bits (3078), Expect = 0.0 

Identities = 642/769 (83%), Positives = 680/769 (88%), Gaps = 5/769 (0%) 

Query: 2 VAPALLPELmEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDY 
61 

+ ALLP+L T+I++P+CAVIGI FS FQWY+VSRVK++S+ D 



Sbjct: 1 

MGSALLPDLGTQIVIPVCAVIGfVFSSFQWYLVSRVKVSSEHGATSPSSNKNNKNGYGDC 60 V 
Query: 62 

LIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGF 121 

LIEEEEG+ND +WAKCA+IQ AISEGATSFLFTEY+Y LGSVEGF 
Sbjct: 61 LIEEEEGINDHNWAKCADIQNAISEGATSFLFTEYQYVGIFMIAFAILiFLFLGSVEGF 
120 

Query: 122 

STDNKPCTYDTTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKIATYANARTTLEARK 1 81 

ST ++PCTY+ + CKPALATA FST++F+LGA+TSV+SGFLGMKIATYANARTTLEARK 
Sbjct: 121 STSSQPCTYNKEKRCKPALATAIFSTVSFLLGAITSVISGFLGMKIATYANARTTLEARK 
180 

Query: 182 

GVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSM 241 
GVGKA +V VMGFLLAA+GLLVLYI IN+FK+YYGDDWEGLFEAITGYGLGGSSM 

Sbjct: 181 GVGKACLVQ VMGFLLAANGLLVLYIAINLFKLYYGDDWEGLFEAITGYGLGGSSM 

235 

Query: 242 

ALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 301 

ALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 
Sbjct: 236 

ALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 295 

Query: 302 SYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEI 
361 

SYAE+SCAALWASISSFGI+HDFTAMCYPLLISSMGILVCLITTLFATDFFEIK VKEI 
Sbjct: 296 SYAESSCAALWASISSFGIDHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKAVKEI 
355 

Query: 362 

EPALKNQLIISTViMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLI 421 
EPALKNQLIIST IMTVGIAIV+W LP+SFTIFNFGTQKWKNWQLFLCV VGLWAGLI 



Sbjct: 356 EPALKNQLIISTAIMTVGIAIVTWTCLPSSFTIFNFGTQKWKNWQLFLCVAVGLWAGLI 
415 

Query: 422 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXX 481 

IGFVTEYYTSNAYSPVQDVADSC TGAATNVIFGLALGYK 
Sbjct: 41 6 I GFVTEYYTSN AYSPVQDVADSCSTG AATNVI FGLALG YKSVI I PI FAI Al Al FVSFTFA 
475 

Query: 482 

XMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 541 
M +AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 
Sbjct: 476 

AMGYIAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 535 
Query: 542 

AIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSV 601 

AIGKGFAIGSAALVSLALFGAFVSRAGI TVDVLTP+V IGL+VGAMLPYWFSAMTMKSV 
Sbjct: 536 

AIGKGFAIGSAALVSLALFGAFVSRAGISTVDVLTPQVFIGLIVGAMLPYWFSAMTMKSV 595 
Query: 602 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVG 661 
GSAALKMVEEVRRQFNTIPGLMEG AKP DYATCVKI STDAS I KE Ml P PG LVMLTPLIVG 
Sbjct: 596 

GSAALKMVEEVRRQFNTIPGLMEGLAKPDYATCVKISTDASIKEMIPPGALVMLTPLIVG 655 
Query: 662 

FFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHK 721 
FFGVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGPKGSEPHK 
Sbjct: 656 

IFFGVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSEPHK 715 

Query: 722 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKF 
Sbjct: 716 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKIF 764 



> gi(1 8274925|sp|Q06572|AVP3_HORVU Pyrophosphate-energized vacuolar membrane 
proton pump 

(Pyrophosphate-energized inorganic pyrophosphatase) 
(H+-PPase) 

gi|6012172|dbj|BAA02717.2| inorganic pyrophosphatase [Hordeum vulgare subsp. vulgare] 
Length = 762 

Score = 1 153 bits (2983), Expect = 0.0 

Identities = 624/765 (81%), Positives = 671/765 (87%), Gaps = 5/765 (0%) 

Query: 5 ALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLiE 
64 

A+L EL TEIL+P+C VIGI F++ QW++VS+VK+T DYLIE 
Sbjct: 2 AILGELGTEtLIPVCGVIGIVFAVAQWFIVSKVKVTPGAASAAAGAKNGYG — DYLIE 57 

Query: 65 

EEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTD 124 

EEEG+ND +W KCAEIQTAISEGATSFLFT Y+Y LGS+EGFST 
Sbjct: 58 EEEGLNDHNNAA/KCAEIQTAISEGATSFLFTMYQYVGMFMWFAAIIFLFLGSIEGFSTK 
117 

Query: 125 

NKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVG 1 84 

+PCTY + TCKPAL TA FST +F+LGA+TS++SGFLGMKIATYANARTTLEARKGVG 
Sbjct: 118 GQPCTY- 

SKGTCKPALYTALFSTASFLLGAITSLVSGFLGMKIATYANARTTLEARKGVG 176 
Query: 185 

KAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALF 244 

KAFI AFRSGAVMGFLL++SGL+VLYITINVFK+YYGDDWEGLFE+ITGYGLGGSSMALF 
Sbjct: 177 

KAFITAFRSGAVMGFLLSSSGLWLYITINVFKMYYGDDWEGLFESITGYGLGGSSMALF 236 



Query: 245 

GRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 304 

GRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 
Sbjct:237 

GRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYA 296 

Query: 305 EASCAALWASISSFGINHDFTAMCYPLLiSSMGILVCLITTLFATDFFEIKLVKEIEPA 
364 

E+SCAALWASISSFGINHDFTAMCYPLL+SS+GI+VCL+TTLFATDFFEIK EIEPA 
Sbjct: 297 ESSCAALWASISSFGINHDFTAMCYPLLVSSVGIIVCLLTTLFATDFFEIKAANEIEPA 
356 

Query: 365 LKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGF 
424 

LK QLIIST +MTVG+A++SW+ LP FTIFNFG QK V NW LF CV VGLWAGLIIGF 
Sbjct: 357 LKKQLIISTALMTVGVAVISWLALPAKFTIFNFGAQKEVSNWGLFFCVAVGLWAGLIIGF 
416 

Query: 425 

VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMY 484 

VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK MY 
Sbjct: 417 VTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAVSIYVSFSIAAMY 
476 

Query: 485 

GVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 544 

G+A+AALGMLSTMTGtJ^IDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 
Sbjct: 477 

GIAMAALGMLSTMATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIG 536 
Query: 545 

KGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSA 604 

KG F Al GS AALVS L ALFG AFVS RAG+ VDVL+PKV IGL+VGAMLPYWFSAMTMKSVGSA 
Sbjct: 537 

KGFAIGSAALVSLALFGAFVSRAGVKWDVLSPKVFIGLIVGAMLPYWFSAMTMKSVGSA 596 



Query: 605 

ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFF 664 
ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPG LVMLTPLIVG F 
Sbjct: 597 

ALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGALVMLTPLIVGtLF 656 
Query: 665 

GVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAV 724 
GVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA+SLGPKGS+ HKAAV 
Sbjct: 657 

GVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGNSEHARSLGPKGSDCHKAAV 716 

Query: 725 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKY 769 

IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFAT+GG+LFKY 
Sbjct: 717 IGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATYGGLLFKY 761 



probable inorganic diphosphatase (EC 3.6.1.1) - mung bean 
proton pyrophosphatase [Vigna radiata] 

Score = 1 178 bits (3047), Expect = 6.0 

Identities = 639/769 (83%), Positives = 682/769 (88%), Gaps = 3/769 (0%) 

Query: 2 VAPALLPELWTEILVPICAVIGIAFSLFQ\ATA/VSRVKLTSDLXXXXXXXXXXXXXXXXDY 
61 

+ A+LP+L TEIL+P+CAVIGIAF+LFQW +VS+VKL++ DY 
Sbjct: 1 MGAAILPDLGTEILIPVCAVIGiAFALFQWLLVSKVKLSA — VRDASPNAAAKNGYNDY 57 

Query: 62 

LIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGF 121 

LIEEEEG+ND +W KCAEIQ AISEGATSFLFTEYKY LGSVEGF 
Sbjct: 58 LIEEEEGINDHNVWKCAEIQNAISEGATSFLFTEYKYVGIFMVAFAILIFLFLGSVEGF 
117 



^ > gi|7436043|pir|lT07801 
gi|2653446|dbj[BAA23649.1| 
Length = 766 



Query: 122 

STDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEARK 1 81 

ST + C+YD T+TCKPALATA FST++F+LG VTS++SGFLGMKIATYANARTTLEARK 
Sbjct: 118 

STSPQACSYDKTKTCKPALATAIFSTVSFLLGGVTSLVSGFLGMKIATYANARTTLEARK177 
Query: 182 * 

GVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSM 241 
GVGKAFI AFRSGAVMGFLLAA+GLLVLYI IN+FKIYYGDDW GLFEAITGYGLGGSSM 
Sbjct: 178 

GVGKAFITAFRSGAVMGFLLAANGLLVLYIAINLFKIYYGDDWGGLFEAITGYGLGGSSM 237 
Query: 242 

ALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 301 

ALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 
Sbjct: 238 

ALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 297 

Query: 302 SYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEI 
361 

SYAE+SCAALWASISSFG+NH+ TAM YPL++SS+GILVCL+TTLFATDFFEIK VKEI 
Sbjct: 298 SYAESSCAALWASISSFGLNHELTAMLYPLIVSSVGILVCLLTTLFATDFFEIKAVKEI 
357 

Query: 362 

EPALKNQLIISTViMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLI 421 
EPALK QL+ISTV+MT+G+A+VS+V LPTSFTIFNFG QK VK+WQLFLCV VGLWAGLI 
Sbjct: 358 

EPALKKQLVISTVLMTIGVAWSFVALPTSFTIFNFGVQKDVKSWQLFLCVAVGLWAGLI 41 7 
Query: 422 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXX 481 

I G FVT E YYTS NAYS P VQ DVADSC RTG AATN VI FG LALG YK 
Sbjct: 418 I GFVTEYYTSN AYSPVQDVADSCRTGAATNVI FGLALGYKSVI I PI FAI Al SI FVSFTLA 
477 



Query: 482 

XMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 541 

MYG+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 
Sbjct: 478 

AMYGIAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 537 
Query: 542 

AIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSV 601 
AIGKGFAIGSAALVSLALFGAFVSRA I TVDVLTPKV IGL+VGAMLPYWFSAMTMKSV 
Sbjct: 538 AIGKGFAIGSAALVSLALFGAFVSRASITWDVLTPKVFIGLIVGAMLPYWFSAMTMKSV 
597 

Query: 602 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMtPPGCLVMLTPLIVG 661 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPG LVMLTPL+VG 
Sbjct: 598 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGALVMLTPLWG 657 
Query: 662 

FFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHK 721 
FGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAG SEHA+SLGPKGS+ HK 
Sbjct: 658 

ILFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGASEHARSLGPKGSDCHK 717 

Query: 722 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK F 
Sbjct: 718 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKIF 766 



> gi|15218279lref|NP„1 73021.1 [ pyrophosphate-energized vacuolar membrane proton 
pump / 

pyrophosphate-energized inorganic pyrophosphatase 

(AVP-3) [Arabidopsis thaiiana] 
gi|399Q91 |sp[P31414lAVP3„ARATH Pyrophosphate-energized vacuolar membrane proton 
pump 



(Pyrophosphate-energized inorganic pyrophosphatase) 
(H+-PPase) 

gi|282878|pirj|A38230 inorganic diphosphatase (EC 3.6.1.1), H+-translocating 

pyrophosphate-energized - Arabidopsis thaliana 
gi|166634[gb|AAA32754.1 1 vacuolar H+-phosphatase 

gi|8927648|gb[AAF821 39.1 1 Identical to Vacuolar proton pyrophosphatase (AVP3) from 

Arabidopsis thaliana gb|AB01 51 38 and gb|M81 892. ESTs 

gb|AA006922, gb|AA586042, gb|AA651053, gb|AA712863, 

gb|AA394384, gb|AA605347, gb|AA006474, gb|AA006772, 

gb|AA650817, gb|AA042538, gb|AA006217, gb|AW004.149, 

gb|H36252, gb|H36659, gb|R30444, gb|W43600, gb|W43886, 

gb|W43517, gb|W43127, gb|N96656, gb|T14167, gb|T76140, 

gb|T21188, gb|Z17694, gb|21 7695 come from this gene 
gi[2731 1 751 lgb|AAO00841 .1 1 Unknown protein [Arabidopsis thaliana] 

Length = 770 

Score = 1316 bits (3405), Expect = 0.0 

Identities = 718/770 (93%), Positives = 718/770 (93%) 

Query: 1 

MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXD 60 

MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDL D 
Sbjct: 1 

MVAPALLPELWTEILVPtCAVIGIAFSLFQWYWSRVKLTSDLGASSSGGANNGKNGYGD 60 
Query: 61 

YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEG 120 

YLI E E EEG VN DQS WAKCAEI QTAI SEGATSFLFTE YKY LGSVEG 
Sbjct: 61 YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYVGVFMIFFAAVIFVFLGSVEG 
120 

Query: 121 

' FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 180 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 
Sbjct: 121 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 180 



Query: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 
Sbjct: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 
Query: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 
Sbjct: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

Query: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
Sbjct: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

Query: 361 

IEPALKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 420 

IEPALKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 
Sbjct: 361 I EPALKNQLI I STVIMTVGI Al VSWVGLPTSFTI FN FGTQKWKNWQLFLCVCVGLWAG L 
420 

Query: 421 

1 1 G FVTE YYTSN AYSPVQDVADSC RTG AATNVI FG LALG YKXXXXXXXXXXXXXXXXXXX 480 

I IGFVTEYYTSN AYSPVQDVADSCRTGAATNVI FGLALGYK 
Sbjct: 421 IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAISIFVSFSF 
480 

Query: 481 

XXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
MYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 
Sbjct: 481 

AAMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 



Query: 541 

AAI G KG F Al G S AAL VS LAL FG AFVS RAG I HTVD VLT P KVI I G LLVG AM L P YWF S AMTM KS 600 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKS 
Sbjct: 541 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 
Query: 601 

VGSAALKMVEEVRRQFNTiPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 660 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 
Sbjct: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 660 
Query: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 
Sbjct: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 

Query: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 
Sbjct: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 



> gi|1076627|pir||S54172 inorganic diphosphatase (EC 3.6.1.1) - common tobacco 
gi|790479|emb|CAA58701 .1 1 inorganic pyrophosphatase [Nicotiana tabacum] 
Length = 765 

Score = 1 203 bits (31 1 3), Expect = 0.0 

Identities = 650/769 (84%), Positives = 686/769 (89%), Gaps = 4/769 (0%) 

Query: 2 VAPALLPELWTEILVPiCAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDY 
61 

+ ALLP+L EI++P+CAVIGI FSL QWY+VS VKLT + DY 
Sbjct: 1 MGAALLPDLGAEIVIPVCAVIGIVFSLVQWYLVSNVKLTPE — SSSPSNNGKNGYGDY 
56 



Query: 62 

LIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGF 121 

LIEEEEG+N+Q+W KCAEIQ AISEGATSFLFTEY+Y LGSVEGF 
Sbjct: 57 LIEEEEGINEQNVWKCAEIQNAISEGATSFLFTEYQYVGIFMIAFAILIFLFLGSVEGF 
116 

Query: 122 

STDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEARK 1 81 

ST ++PCTY+ + CKPALATA FST++F+LGAVTSV+SGFLGMKI ATYANARTTLEARK 
Sbjct: 117 

STKSQPCTYNKEKLCKPALATAIFSTVSFLLGAVTSWSGFLGMKI ATYANARTTLEARK 176 
Query: 182 

GVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSM 241 

GVGKAFIVAFRSGAVMGFLLAA+GLLVLYI IN+FK+YYGDDWEGLFEAITGYGLGGSSM 
Sbjct: 177 

GVGKAFIVAFRSGAVMGFLLAANGLLVLYIAINLFKLYYGDDWEGLFEAITGYGLGGSSM 236 
Query: 242 

ALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 301 

ALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 
Sbjct: 237 

ALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 296 

Query: 302 SYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEI 
361 

S Y AE ASC AAL WAS I S S F G I N H + FT AM YPLLISSMGIL+CLITTLFATDFFEIK VKEI 
Sbjct: 297 SYAEASCAALWASISSFGINHEFTAMLYPLLISSMGILICLITTLFATDFFEIKAVKEI 356 

Query: 362 

EPALKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLI 421 

EPALKNQLIIST +MTVGIAIV+W LP+SFTIFNFG QKWKNWQLFLCV VGLWAGLI 
Sbjct: 357 EPALKNQLIIST ALMWGIAIVTWTCLPSSFTIFNFGAQKWKNWQLFLCV A VGLWAGLI 
416 



Query: 422 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXX 481 

I G FVT E YYTS NAYS PVQ DVADSC RTG AAT N VI FG LALG YK 
Sbjct: 417 IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAIAIFVSFSFA 
476 

Query: 482 

XMYGVAVAALGMLSTiATGI^IDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA.541 

MYG+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 
Sbjct: 477 

AMYGIAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 536 
Query: 542 

AIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSV 601 
AIGKGFAIGSAALVSLALFGAFVSRA I TVDVLTP+V IGL+VGAMLPYWFSAMTMKSV 
Sbjct: 537 

AIGKGFAIGSAALVSLALFGAFVSRAAITWDVLTPQVFIGLIVGAMLPYWFSAMTMKSV 596 
Query: 602 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVG 661 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPG LVMLTPLIN/G 
Sbjct: 597 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGALVMLTPLIVG 656 
Query: 662 

FFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHK 721 
FFGVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGPKGS+PHK 
Sbjct: 657 

IFFGVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGPKGSDPHK 716 

Query: 722 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK F 
Sbjct: 717 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKIF 765 



> gi|19310433|gb|AAL84953.1| At1g15690/F7H2_3 [Arabidopsis thaiiana] 
Length = 770 



Score = 1314 bits (3400), Expect = 0.0 

Identities = 717/770 (93%), Positives = 717/770 (93%) 

Query: 1 

MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXD 60 

MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDL D 
Sbjct: 1 

MVAPALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLGASSSGGANNGKNGYGD 60 
Query: 61 

YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEG 120 

YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKY LGSVEG 
Sbjct: 61 YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYVGVFMiFFAAVIFVFLGSVEG 
120 

Query: 121 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 1 80 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 
Sbjct: 121 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 1 80 
Query: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 
Sbjct: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 
Query: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 
Sbjct: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 



Query: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
Sbjct: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

Query: 361 

IEPALKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 420 

IEPALKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 
Sbjct: 361 IEPALKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 
420 

Query: 421 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXX 480 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 421 IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAISIFVSFSF 
480 

Query: 481 

XXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
MYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 
Sbjct: 481 

AAMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
Query: 541 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKS 
Sbjct: 541 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 
Query: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 660 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 
Sbjct: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPl.lv 660 



Query: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 

GFFFGVETLSGVLAGSLVSGVQIASASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 
Sbjct: 661 

GFFFGVETLSGVLAGSLVSGVQIATSASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 

Query: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 
Sbjct: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 



> gi|34894952|ref|NP_908801 .1 1 putative H+-pyrophosphatase [Oryza sativa (japonica 
cultivar-group)] 

gi|15290183|dbjlBAB63873.1| putative H+-pyrophosphatase [Oryza sativa flaponica 
cultivar-group)] 
Length = 773 

Score = 994 bits (2569), Expect = 0.0 

Identities = 545/768 (70%), Positives = 625/768 (81%), Gaps = 12/768 (1%) 

Query: 13 EILVPICAVIGIAFSLFQWYWSRVKLTS DLXXXXXXXXXXXXXXXXD 60 

+ ++P CA +GIAF+++QW +VSRVK++ 
Sbjct: 6 

DAVIPACAAVGIAFAVWQWLLVSRVKVSPYSAAAAAARNGGAGRAVFRPEGEVDDDDGGC 65 
Query: 61 

YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEG 120 
EE+G ++A+CAEIQ+AI GA SFLFT+YKY LGSV 

Sbjct: 66 

GDDEEADGDGGVAAMARCAEIQSAIRVGANSFLFTQYKYLAAFTAVFAWIFLFLGSVHR 125 
Query: 121 

FSTDNKPCTYDTTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKIATYANARTTLEAR 1 80 
FST+++PC Y + CKPALA A FSTIAF+LGA TSV SGFLGM+IAT ANARTT+EAR 



Sbjct: 126 

FSTESQPCQYTRGKACKPALANAVFSTIAFLLGAATSVASGFLGMRIATAANARTTVEAR 185 
Query: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 

+G+G AF AFRSGAVMGFLLA+ GLLVLY+ I VF +YYGDDWEGL+E+1TGYGLGGSS 
Sbjct: 186 

RGIGPAFAAAFRSGAVMGFLLASLGLLVLYVAIKVFGLYYGDDWEGLYESITGYGLGGSS 245 
Query: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

MALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 
Sbjct: 246 

MALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 305 

Query: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

GSYAE++CAAL V SISSFG +H+F A+ YPLLISS G++VCLITTLFATD + +K V 
Sbjct: 306 GSYAESTCAALFVGSISSFGADHNFAAVSYPLLISSAGLIVCLITTLFATDLYRVKTVDG 
365 

Query: 361 

IEPALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 420 

+ PALK QL+ISTV+MTVG+ +V++ LP FT+F+FG K VKNW LF CV +GLWAGL 
Sbjct: 366 

VAPALKLQLLISWLMWGVLWTFTALPHEFTMFDFGEVKRVKNWHLFFCVTIGLWAGL 425 
Query: 421 

IIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXX 480 

IGF TEY+TSNAYSPV+DVADSCRTG AATN VI FGLALGYK 
Sbjct: 426 AIGFTTEYFTSNAYSPVRDVADSCRTGAATNVIFGLALGYKSVIVPVFAIAVSIYVSFTL 
485 

Query: 481 

XXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
+YG+AVAALGMLST+ATGLA1DAYGPISDNAGGIAEMAGMSHRIR+RTDALDAAGNTT 



Sbjct: 486 

ASIYGIAVAALGMLSTVATGLAIDAYGPISDNAGGIAEMAGMSHRIRQRTDALDAAGNTT 545 
Query: 541 

AAIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 

AAIGKGFAIGSAALVSLALFGAFVSRAG+ ++VL+PKV +GL+VGAMLPYWFSAMTMKS 
Sbjct: 546 

AAIGKGFAIGSAALVSLALFGAFVSRAGMAVINVLSPKVFVGLWGAMLPYWFSAMTMKS 605 
Query: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 660 

VGSAALKMVEEVRRQF IPGLMEG A PDYA+CV+ISTDAS++EM+PPG LV+L PL+ 
Sbjct: 606 

VGSAALKMVEEVRRQFAAIPGLMEGRATPDYASCVRISTDASLREMMPPGALVLLAPLVA 665 
Query: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 
G FFGV+TL+G+LAG+LVSGVQ+AISASN+GGAWDNAKKYIEAG S+HAK+LGPKGS+ H 
Sbjct: 666 

GTFFGVQTLAG LLAG ALVSGVQVAI SASN SGG AWDN AKKYI EAG AS DH AKALG PKGS DAH 725 



Query: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFK 768 

KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFA HGG++FK 
Sbjct: 726 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFAAHGGLIFK 773 



> gi[33465893|gb|AAQ1 9328.1 1 H+-pyrophosphatase [Oryza sativa flaponica cultivar- 
group)] 

Length = 773 

Score = 991 bits (2561 ), Expect = 0.0 

Identities = 543/768 (70%), Positives = 624/768 (81%), Gaps = 12/768 (1%) 

Query: 13 EILVPICAVIGIAFSLFQWYWSRVKLTS DLXXXXXXXXXXXXXXXXD 60 

+ ++P CA +GIAF+++QW +VSRVK++ 



Sbjct: 6 

DAVtPACAAVGIAFAVWQWLLVSRVKVSPYSAAAAAARNGGAGRAVFRPEGEVDDDDGGC 65 
Query: 61 

YLIEEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEG 120 
E +G ++A+CAEIQ+AI GA SFLFT+YKY LGSV 

Sbjct: 66 

GDDEGADGDGGVAAMARCAEIQSAIRVGANSFLFTQYKYLAAFTAVFAWIFLFLGSVHR 125 
Query: 121 

FSTDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEAR 180 

FST+++PC Y + CKPALA A FSTIAF+LGA TSV SGFLGM+IAT ANARTT+EAR 
Sbjct: 126 

FSTESQPCQYTRGKACKPALANAVFSTI AFLLGAATSVASGFLGMRI ATAANARTTVEAR 1 85 
Query: 181 

KGVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSS 240 

+G+G AF AFRSGAVMGFLLA+ GLLVLY+ I VF +YYGDDWEGL+E+ITGYGLGGSS 
Sbjct: 186 

RGIGPAFAAAFRSGAVMGFLLASLGLLVLYVAIKVFGLYYGDDWEGLYESITGYGLGGSS 245 
Query: 241 

MALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 300 

MALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 
Sbjct: 246 

MALFGRVGGGIYTKAADVGADLVGKVERNiPEDDPRNPAVIADNVGDNVGDIAGMGSDLF 305 

Query: 301 GSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKE 
360 

GSYAE++CAAL V SISSFG +H+F A+ YPLLISS G++VCLITTLFATD + +K V 
Sbjct: 306 GSYAESTCAALFVGSISSFGADHNFAAVSYPLLISSAGLIVCLITTLFATDLYRVKTVDG 
365 

Query: 361 

IEPALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGL 420 
+ PALK QL+ISTV+MTVG+ +V++ LP FT+F+FG K VKNW LF CV +GLWAGL 



Sbjct: 366 

VAPALKLQLLISWLMWGVLVVTFTALPHEFTMFDFGEVKRVKNWHLFFCVTIGLWAGL425 
Query: 421 

llGF\n-EYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXX480 

IGF TEY+TSNAYSPV+DVADSCRTGAATNVIFGLALGYK 
Sbjct: 426 AIGFTTEYFTSNAYSPVRDVADSCRTGAATNVIFGLALGYKSVIVPVFAIAVSIYVSFTL 
485 

.Query: 481 

XXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTT 540 
+YG+AVAALGMLST+ATGLAIDAYGPISDNAGGIAEMAGMSHRIR+RTDALDAAGNTT 
Sbjct: 486 

ASIYGIAVAALGMLSTVATGLAIDAYGPISDNAGGIAEMAGMSHRIRQRTDALDAAGNTT 545 
Query: 541 

AAtGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKS 600 

AAI G KG F Al GS AAL VS L AL FG AFVS RAG+ ++VL+PKV +GL+VGAMLPYWFSAMTMKS 
Sbjct: 546 

AAI G KG F Al G S AAL VS LAL FG AFVS RAG M AVI N VLS P KVF VG L WG AM L PYWF S AMTM KS 605 
Query: 601 

VGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIV 660 

VGSAALKMVEEVRR+F IPGLMEG A PDYA+CV+ISTDAS++EM+PPG LV+L PL+ 
Sbjct: 606 

VGSAALKMVEEVRREFAAIPGLMEGRATPDYASCVRISTDASLREMMPPGALVLLAPLVA 665 
Query: 661 

GFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPH 720 
G FFGV+TL+G+LAG+LVSGVQ+AISASN+GGAWDNAKKYIEAG S+HAK+LGPKGS+ H 
Sbjct: 666 

GTFFGVQTLAGLLAGALVSGVQVAISASNSGGAWDNAKKYIEAGASDHAKALGPKGSDAH 725 



Query: 721 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFK 768 

KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFA HGG++FK 
Sbjct: 726 KAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFAAHGGLIFK 773 



> gi|4126976|dbj|BAA36841.1| vacuolar ^-pyrophosphatase [Chara corallina] 
Length = 793 



Score = 941 bits (2433), Expect = 0.0 

Identities = 510/755 (67%), Positives = 588/755 (77%), Gaps = 14/755 (1%) 
Query: 14 

ILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLIEEEEGVNDQS 73 

I +P VIGI F++ QWW+++ +Y + +EG+ D S 
Sbjct: 41 IFIPAACVIGILFAVLQWSWGKISVRPS GGGMNYPLMGDEGLEDSS 87 

Query: 74 

WAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDNKPCTYDTT 1 33 

W +CAEIQ AISEGA SFL TEYKY LG+ E F TD KPC +D T 

Sbjct: 88 

WTRCAEIQEAISEGAVSFLMTEYKYLSYFMVGFFIVIFAFLGATEDFGTDRKPCEWDAT 147 
Query: 134 

RTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVGKAFIVAFRS 193 

+ C + A S +AF LGA+TS L GFLGMKIAT+ANART GVG AF AFRS 
Sbjct: 148 

KLCGSGVMNALLSAVAFALGAITSTLCGFLGMKIATFANARTRSRRGGGVGPAFKAAFRS 207 
Query: 194 

GAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALFGRVGGGIYT 253 

GAVMGFLL + GL+VLY Tl +F+ YYGDDW GL+E+I GYGLGGSS+ALFGRVGGGIYT 
Sbjct: 208 

GAVMGFLLTSLGLIVLYFTILIFQRYYGDDWIGLYESIAGYGLGGSSVALFGRVGGGIYT267 
Query: 254 

KAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAEASCAALW 313 

KAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMG+DLFGS AE++CAALW 
Sbjct: 268 

KAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGADLFGSLAESTCAALW 327 



Query: 314 ASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFE-IKLVKEIEPALKNQLIIS 372 

+S+S FG ++ AM +PLLI+ GILVCLITTL ATD + +K IEPALK QL+IS 
Sbjct: 328 SSLSDFGKEMNYVAMSFPLLITGAGILVCLITTLVATDLTSGVSNIKGIEPALKQQLVIS 
387 

Query: 373 

TVIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGFVTEYYTSN 432 

TV+MT IA+++W LP +F I N KWK W +F CV GLWAGL+IG+ TEY+TS+ 
Sbjct: 388 

TVLMTPVIALLAWGCLPDTFEIINGAETKWKKWYMFFCVACGLWAGLLIGYTTEYFTSH 447 
Query: 433 

AYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMYGVAVAALG 492 

++PV+DVADSCRTGAATNV1FGLALGYK MYG+A AALG 

Sbjct: 448 QFTPVRDVADSCRTGAATNVIFGLALGYKSVIIPILAIAFTVFVSHTLAAMYGIACAALG 
507 

Query: 493 

MLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGKGFAIGSA 552 

MLST++T LAIDAYGPISDNAGGIAEMA M I RE+TD ALDAAG NTTAAI G KG F Al G S A 
Sbjct: 508 

MLSTLSTCLAIDAYGPISDNAGGIAEMAEMGPAIREKTDALDAAGNTTAAIGKGFAIGSA 567 
Query: 553 

ALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSAALKMVEEV 612 

ALVSLALFGA+++RAGI +VDV+ PK +GL+VGAMLPYWFSAMTMKSVG AAL MVEEV 
Sbjct: 568 

ALVSLALFGAYINRAGITSVDVILPKEFVGLIVGAMLPYWFSAMTMKSVGKAALAMVEEV 627 
Query: 613 

RRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFFGVETLSGV 672 

RRQFNTI GLM+GT KPDY CV+1STDAS++EMIPPGCLVMLTPL+VG G ETL+G+ 
Sbjct: 628 

RRQFNTIAGLMQGTVKPDYKRCVEISTDASLREMIPPGCLVMLTPLWGGLLGKETLAGI 687 



Query: 673 

LAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAVIGDTIGDP 732 
LAG+LVSGVQIAISASNTGGAWDNAKKYIEAG ++HA++LGPKGS+ HKAAVIGDT+GDP 
Sbjct: 688 

LAGALVSGVQIAISASNTGGAWDNAKKYIEAGGNDHARTLGPKGSDCHKAAVIGDTVGDP 747 

Query: 733 LKDTSGPSLNILIKLMAVESLVFAPFFATHGGILF 767 

LKDTSGPSLNILIKLMAVESLVFAPFF T+GG+LF 
Sbjct: 748 LKDTSGPSLNILIKLMAVESLVFAPFFKTYGGVLF 782 



> gi|45267862|gb|AAS55761.1| putative inorganic diphosphatase (EC 3.6.1 .1) [Oryza sativa 
(japonica cultivar-group)] 
Length = 770 

Score = 937 bits (2422), Expect = 0.0 

Identities = 531/769 (69%), Positives = 615/769 (79%), Gaps = 3/769 (0%). 

Query: 5 ALLPEL\ATTEILVPICAVIGIAFSLFQWYVVSRVKLTSDLXXXXXXXXXXXXXXXXDYLIE 
64 

AL+ + E+L+P+ AVIGI F++ QWY+VSRV + 
Sbjct: 2 

ALIGTVAAEVLIPLAAVIGILFAVLQWYMVSRVAVPPHDGVGGAGKVERESDGGDGDGDG 61 
Query: 65 EEEGVND — 

QSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGF 1 21 

++ + + V A+CAEIQ AIS GATSFL TEYKY LGSV F 

Sbjct: 62 

VDDEEDGVDYRGVEARCAEIQHAISVGATSFLMTEYKYLGAFMAAFAAVIFVSLGSVGRF 121 
Query: 122 

STDNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARK 1 81 

ST +PC YD R C+PALA AAF+ AF+LGA TSV+SG+LGM++AT+ANART LEAR+ 
Sbjct: 122 

STSTEPCPYDAARRCRPALANAAFTAAAFLLGATTS WSGYLGMRVATFAN ARTALEARR 1 81 



Query: 182 

GVGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSM 241 

G+G+AF VAFRSGA MGFLLA+S LLVL+ +N F +YYGDDW GL+EAITGYGLGGSSM 
Sbjct: 182 

GIGRAFAVAFRSGAAMGFLLASSALLVLFAAVNAFGLYYGDDWGGLYEAITGYGLGGSSM 241 
Query: 242 

ALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 301 

ALFGRVGGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 
Sbjct: 242 

ALFGRVGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFG 301 

Query: 302 SYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEI 
361 

SYAE+SCAAL VASISSFG +HDF AM YPLL+S+ GI+ C TTL ATD E+ E+ 
Sbjct: 302 

SYAESSCAALFVASISSFGADHDFAAMMYPLLVSAAGIVACAATTLVATDAGELGAADEV 361 
Query: 362 

EPALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLt 421 

PALK Q++ISTV+MT +A V+++ LP SFT+F+FG +K+VKNW LF+CV GLWAGL+ 
Sbjct: 362 

APALKRQILISTVLMTAAVAAVTFLSLPRSFTLFDFGERKLVKNWHLFICVSAGLWAGLV 421 
Query: 422 

IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXX 481 

IG+VTEY+TSNAY PVQ VA SCRTGAATNVIFGLA+GYK 
Sbjct: 422 IGYVTEYFTSNAYGPVQTVAQSCRTGAATNVIFGLAVGYKSVIVPIFAIAGAIYASFRLA 
481 

Query: 482 

XMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTA 541 
MYG+A+AALGMLSTIATGL IDAYGPISDNAGGIAEMAGM R+RERTDALDAAGNTTA 
Sbjct: 482 

AMYGIALAALGMLSTIATGLTIDAYGPISDNAGGIAEMAGMPRRVRERTDALDAAGNTTA 541 



Query: 542 

AIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSV 601 
Al G KG F Al G S AAL VS L AL FG A+ VS RAG I TV+V++P+V +GLL G AM L P YWFS AMTM + S V 
Sbjct: 542 

AIGKGFAIGSAALVSLALFGAWSRAGIRTVNWSPRVFVGLLAGAMLPYWFSAMTMRSV 601 
Query: 602 

GSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVG 661 

GSAAL+MVEEVRRQF+ IPGL EG A PDYATCV+ISTDAS++EM+ PG LVM +PL+ G 
Sbjct: 602 

GSAALRMVEEVRRQFDEIPGLAEGLAAPDYATCVRISTDASLREMVAPGALVMASPLVAG 661 
Query: 662 

FFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHK 721 

FGVE L+G+LAG+LVSGVQ+AISASN+GGAWDNAKKYIEAG +E A+SLGPKGSE HK 
Sbjct: 662 

TLFGVEALAGLLAGALVSGVQVAISASNSGGAWDNAKKYIEAGATEEARSLGPKGSEAHK 721 

Query: 722 AAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

AAVIGDTIGDPLKDTSGPSLNIL+KLMAVE+LVFAPFFA HGGI+F + 
Sbjct: 722 AAVIGDTIGDPLKDTSGPSLNILVKLMAVEALVFAPFFAAHGGIVFNHL 770 



1 > gi|2118183lpir||S61425 inorganic diphosphatase (EC 3.6.1.1), H+-translocating (clone 
TVP17), vacuolar membrane - common tobacco (fragment) 
gi|790475|emb|CAA58699.1] inorganic pyrophosphatase [Nicotiana tabacum] 
Length = 541 

Score = 881 bits (2277), Expect = 0.0 

Identities = 479/541 (88%), Positives = 500/541 (92%) 

Query: 230 

AITGYGLGGSSMALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNV 289 
AITGYGLGGSSMALFGRV GGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADNVGDNV 



Sbjct: 1 

AITGYGLGGSSMALFGRVAGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADNVGDNV 60 
Query: 290 

GDIAGMGSDLFGSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFA 349 

GDIAGMGSDLFGSYAE+SCAALWASISSFG+NH+FTAM YPLL+SS+GILVCL+TTLFA 
Sbjct: 61 

GDIAGMGSDLFGSYAESSCAALWASISSFGVNHEFTAMLYPLLVSSVGILVCLLTTLFA 120 

Query: 350 TDFFEIKLVKEIEPALKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLF 
409 " - 

TDFFE+K VKEIEPALK QL+IST +MT GIA+V+W+ LP++FTIFNFG QK VK+WQLF 
Sbjct: 121 TDFFEVKAVKEIEPALKQQLVISTALMTDGIAWTWIALPSTFTIFNFGAQKEVKSWQLF 
180 

Query: 410 

LCVCVGLWAGLIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXX 469 

LCV VGLWAGLIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 181 LCVGVGLWAGLIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFA 
240 

Query: 470 

XXXXXXXXXXXXXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRER 529 

MYG+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRER 
Sbjct: 241 IAVSIFVSFSFAAMYGIAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRER 
300 

Query: 530 

TDALDAAGNTTAAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAML 589 
TDALDAAGNTTAAIGKGFAIGSAALVSLALFGAFVSRA I TVDVLTPKV IGLLVGAML 
Sbjct: 301 TDALDAAGNTTAAIGKGFAIGSAALVSLALFGAFVSRAAISTVDVLTPKVFIGLLVGAML 
360 

Query: 590 

PYWFSAMTMKSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPP 649 
PYWFSAMTMKSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMl P 



t 

Sbjct: 361 

PYWFSAMTMKSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIAP 420 
Query: 650 

GCLVMLTPLIVGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHA 709 
G LVMLTPLIVG FGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHA 
Sbjct: 421 

GALVMLTPLIVGILFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYI EAGVSEHA 480 
Query: 710 

KSLGPKGSEPHKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKY 769 
++LGPKGS HKAAVIGDT+GDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK 
Sbjct: 481 

RTLGPKGSTAHKAAVIGDTVGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKL 540 

Query: 770 F 770 
F 

Sbjct: 541 F 541 



> gi[14970742|emb|CAC44451.1| proton-translocating inorganic pyrophosphatase 
[Chlamydomonas 
reinhardtii] 
Length = 762 

Score = 833 bits (21 53), Expect =0.0 

Identities = 481/776 (61%), Positives = 574/776 (73%), Gaps = 33/776 (4%) 

Query: 8 PELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLIEEEE 
67 

P+ +P AV+ I F++F W V+ +++T +YL+EEE+ 
Sbjct: 4 PDALIAAFIPASAWAILFAVFLWKRVAAIQMTG GRVLSSQNGREYLLEEEQ 55 



Query: 68 

GVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDNKP 127 



++ +VAK A+IQ +ISEGA+SFL TEY Y L V 

Sbjct: 56 RGGEEEIVAKAADIQKSISEGASSFLATEYYYLGIFMVIMSWICSLLSIV- 



106 



Query: 128 

CTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEARKGVGKAF 1 87 

T + RT L FSTIAF LG TS+LSG+LGM+IAT+ANART +EARKG+ AF 
Sbjct: 107- 

TPEEGRTSADELRNGVFSTIAFALGGATSILSGYLGMQIATFANARTAVEARKGIAPAF 165 
Query: 188 

I VAFRSGAVMGFLLAASGLLVLYITI NVFKI YYGDDWEGLFEAITGYGLGGSSMALFGRV 247 

+ AFRSGAVMGFLL+ GLL L++ I +F ++GDDW+GLFEAI GYGLGGSS+ALFGRV 
Sbjct: 166 MCAFRSGAVMGFLLSGFGLLNLFLAITIFSKFFGDDWKGLFEAI- 
GYGLGGSSIALFGRV 224 

Query: 248 

GGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAEAS 307 

GGGIYTKAADVGADLVGK+E++IPEDDPRNPAVIADNVGDNVGD1AGMG+DLFGS+AE++ 
Sbjct: 225 

GGGIYTKAADVGADLVGKVEKDIPEDDPRNPAVIADNVGDNVGDIAGMGADLFGSFAEST 284 

Query: 308 CAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPALKN 
367 

CAALV++++SS G HD+ M +PLLIS+ Gl VCLITT ATD K++ EIE LK 
Sbjct: 285 CAALVISAVSSLGKEHDYAGMMFPLLISATGIFVCLITTFLATDLKPAKVIAEIEHTLKM 
344 

Query: 368 QLIISTVIMT-VGIAIVSWVGLPTSFTIFNFGT — --QKWKNWQLFLCVCVGLWAG 
419 

QLIIST++MT V + + W LP FT+ + +KWK+W +F+C+ GLW G 
Sbjct: 345 QLI I STLLMTPVALG VALW- 

SLPPEFTLSVPSSSPDKPFDEKWKSWYMFVCISTGLWGG 403 
Query: 420 

LIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXX479 
L++G TEY+TSN Y P VQ D VAD+ C RTG AAT+ + 1 FG L ALG YK 



Sbjct: 404 LLVGLQTEYFTSNRYKPVQDVADACRTGAATDIIFGLALGYKSCIIPTIVIGVAIYVGTS 
463 

Query: 480 

XXXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNT 539 

M+G+A ALGMLST+ATGLAIDAYGPISDNAGGIAEMAGM IRERTDALDAAGNT 
Sbjct: 464 

LAGMFGIACCALGMLSTLATGLAIDAYGPISDNAGGIAEMAGMGEDIRERTDALDAAGNT 523 

Query: 540 TAAIGKGFAIGSAALVSLALFGAFVSRAGIHTV--DVLTPKVIIGLLVGAMLPYWFSAMT 
597 

TAAIGKGFAIGSAALVSLALFGA+V+RA I + +L P+V GLL+GAMLPYWFSAMT 
Sbjct: 524 

TAAIGKGFAIGSAALVSLALFGAYVTRAKIDMIHSSILDPRVFAGLLLGAMLPYWFSAMT 583 
Query: 598 

MKSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTP 657 

MKSVG AAL MV EVRRQFNTI GLMEGTA+PDY CV 1ST A+l EMI PG LV+ TP 
Sbjct: 584 

MKSVGKAALAMVHEVRRQFNTIAGLMEGTARPDYKRCVAISTQAAISEMiAPGALVtFTP 643 
Query: 658 

LIVGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGS 717 

++VG FG + L+GVLAGSLVSGVQ+A+S SNTGGAWDNAKKYIEAG +EHA+ LG KGS 
Sbjct: 644 

VWGALFGTQCLAGVLAGSLVSGVQLAVSMSNTGGAWDNAKKYI EAGATEH ARELGGKGS 703 

Query: 718 EPHKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFF--ATHG-GILFKYF 770 

+ HKAAVIGDT+GDPLKDT+GPSLNILIKLMAVESLVFAPFF HG G++F +F 
Sbjct: 704 DCHKAAVIGDTVGDPLKDTNGPSLNILIKLMAVESLVFAPFFYNCAHGQGLtFSFF 759 



> gi|1049255|gb|AAA80347.1| H+-pyrophosphatase 
Length = 509 



Score = 81 5 bits (2106), Expect =0.0 

identities = 443/507 (87%), Positives = 467/507 (92%) 

Query: 225 

EGLFEAITGYGLGGSSMALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADN 284 

EGLFEAITGYGLGGSSMALFGR+GGGIYTKAADVGADLVGK+ERNIPEDDPRNPAVIADN 
Sbjct: 1 

EGLFEAITGYGLGGSSMALFGRLGGGIYTKAADVGADLVGKVERNIPEDDPRNPAVIADN 60 
Query: 285 

VGDNVGDIAGMGSDLFGSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGtLVCLI 344 
VGDNVGDIAGMGSDLFGSYAE+SCAALWASISSFGINH+FT M YPLL+SS+GI+ CLI 
Sbjct: 61 VGDNVGDIAGMGSDLFGSYAESSCAALWASISSFGINHEFTPMWPLLLSSVGIIACLI 
120 

Query: 345 TTLFATDFFEIKLVKEIEPALKNQLIISWIMWGIAIVSWVGLPTSFTIFNFGTQKWK 
404 

TTLFATDFFEiK V EIEPALK QLMST++MT+GIA++SW+GLP +FT1FNFG QK V+ 
Sbjct: 121 TTLFATDFFEIKAVDEIEPALKKQLIISTIVMTIGIALISWLGLPYTFTIFNFGVQKTVQ 180 

Query: 405 

NWQLFLCVCVGLWAGLIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXX464 

+WQLFLCV VGLWAGL+IGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 181 

SWQLFLCVAVGLWAGLVIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVI 240 
Query: 465 

XXXXXXXXXXXXXXXXXXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSH 524 

MY VAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSH 
Sbjct: 241 IPIFAIAFSIFLSFSLAAMYXVAVAALGMLSTIATGLAIDAYGPiSDNAGGIAEMAGMSH 
300 

Query: 525 RIRERTDALDAAGNTTAAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLL 
584 

RIRERTDALDAAGNTTAAIGKGFAIGSAALVSL LFGAFVSRA I TVDVLTP+V IGL+ 
Sbjct: 301 RIRERTDALDAAGNTTAAIGKGFAIGSAALVSLRLFGAFVSRAAISTVDVLTPEVFIGLI 
360 



Query: 585 

VGAM LPYWFSAMTM KSVGSAALKM VE EVRRQFNTi PGLM EGTAKP DYATCVKt STDAS I K 644 

VGAMLPYWFSAMTMKS+GSAALKMVEEVRRQFNTIPGLMEGT KPDYATCVK1 STDAS IK 
Sbjct: 361 

VGAMLPYWFSAMTMKSMGSAALKMVEEVRRQFNTIPGLMEGTTKPDYATCVKISTDASIK 420 
Query: 645 

EMIPPGCLVMLTPLIVGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAG 704 
EMIPPG LVMLTPLIVG FGVETLSGVLAG+LVSGVQIAISASNTGGAWDNAKKYIEAG 
Sbjct: 421 

EMIPPGALVMLTPLIVGILFGVETLSGVLAGALVSGVQIAISASNTGGAWDNAKKYIEAG 480 

Query: 705 VSEHAKSLGPKGSEPHKAAVIGDTIGD 731 

VSEHA++LGPKGS+PHKAAVIGDTIGD 
Sbjct: 481 VSEHARTLGPKGSDPHKAAVIGDTIGD 507 



~* > gi|21654895|gb|AAK95376.1| vacuolar-type proton translocating pyrophosphatase 1 
[Trypanosoma 

brucei] 

Length = 826 

Score = 692 bits (1786), Expect = 0.0 

Identities = 405/779 (51%), Positives = 515/779 (66%), Gaps = 56/779 (7%) 
Query: 15 

LVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLIEEEEGVNDQSV 74 

' ++ + + G +F+++ WYV S +K+T Y+l + 
Sbjct: 79 IIFLASAFGFSFAMYWWYVASDIKITPGKGNIMRNAHLTDEVMRNVYVISKR 130 



Query: 75 VAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLG — SVEGFSTDNKPCTY 
130 

+S+GA +FLF EY+Y LG S +G D +P 



Sbjct: 131 VSDGANAFLFAEYRYMGIFMLGFGALLYFLLGVAMSSPQGEGKDGRPPV- 

179 



Query: 131 DTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVGK 

185 

+ AAFS AFV+GA TSVL+G++GM+IA Y N+RT + A G G 
Sbjct: 180 — 

AVEAPWVNAAFSLYAFVIGAFTSVLAGWiGMRIAVYTNSRTAVMATVGSGGSDNDV 235 

Query: 186 AFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWE — GLFEA 230 

AF AFR G MGF L + GL L+ T+ + + Y+GD E LFE 

Sbjct: 236 

LANGSQSRGYALAFQTAFRGGITMGFALTSIGLFALFCTVKLMQTYFGDSAERLPELFEC 295 
Query: 231 

ITGYGLGGSSMALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVG 290 

+ +GLGGSS+A FG RVGGG I YTKAADVG ADLVG K+ E+ N I P E DD RNP VIAD +GDNVG 
Sbjct: 296 

VAAFGLGGSSVACFGRVGGGIYTKAADVGADLVGKVEKNIPEDDARNPGVIADCIGDNVG 355 

Query: 291 DIAGMGSDLFGSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFAT 
350 

DIAGMGSDLFGS+ EA+CAALV+A+ SS ++ DFT M YPLLI++ Gl VC+ TLA 
Sbjct: 356 DIAGMGSDLFGSFGEATCAALVIAA-SSAELSADFTCMMYPLLITAGGIFVCIGTALLAA 
414 

Query: 351 DFFEIKLVKEIEPALKNQLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFL 
410 

+K ++IEP LK+QL++ST+ TV + ++ LP +FT+ TK W+ + 
Sbjct: 415 TNSGVKWAEDIEPTLKHQLLVSTIGATWLVFITAYSLPDAFTVGAVETTK — WRAMV 
470 

Query: 411 

CVCVGLWAGLHGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXX 470 

CV GLW+GL+IG+ TEY+TSN+Y PVQ++A+SC TGAATN+I+GL+LGY 
Sbjct: 471 CVLCGLWSGLLIGYSTEYFTSNSYRPVQEIAESCETGAATNIIYGLSLGYISVLPPILAM 
530 



Query: 471 

XXXXXXXXXXXXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERT 530 

+YG A+AALG+LST++ L IDAYGPISDNAGGIAEMA M H IRE T 
Sbjct: 531 AFTIYLSHHCAGLYGYALAALGILSTMSiALTIDAYGPISDNAGGIAEMAHMGHEIREIT 

590 . . 

Query: 531 

DALDAAGNTTAAIGKGFAIGSAALVSLALFGAFVSRAGtHTVDVLTPKVIIGLLVGAMLP 590 

DALDAAGNTTAAIGKGFAIGSAA V+LAL+GA+VSR Gl TV++L +V+ GLL+GAMLP 
Sbjct: 591 

DALDAAGNTTAAIGKGFAIGSAAFVALALYGAYVSRVGISTVNLLDARVMAGLLLGAMLP 650 
Query: 591 

YWFSAMTMKSVGSAALKMVEEVRRQFNTiPGLMEGTAKPDYATCVKISTDASIKEMIPPG 650 

YWFSA+TMKSVG AA+ MV E+RRQF P + GT +PDY +CV l+T A++++M+ P 
Sbjct: 651 YWF S ALTM KS VG VAAM DMVNEIRRQFQD- 
PAVAAGTKEPDYESCVNIATGAALQQMVAPA 709 

Query: 651 

CLVMLTPLIVGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAK 710 

CLVMLP++G FG TL+G+L G+LVSGVQ+AISASNTGGAWDNAKKYIE G K 
Sbjct: 710 CLVMLAPIVTGILFGRYTLAGLLPGALVSGVQVAISASNTGGAWDNAKKYIEKG- 
GLRDK 768 

Query: 71 1 SLGPKGSEPHKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATH-GGILFK 
768 

SG KGS H AAVIGDT+GDPLKDTSGP+LNIL+KLMA+ S+VFAP + GG+L K 
Sbjct: 769 SKG-KGSPQHAAAVIGDTVGDPLKDTSGPALNILVKLMAIISWFAPWQSKLGGLLVK 
826 



> gi|8886133|gb|AAF80381.1| vacuolar-type proton translocating pyrophosphatase 1; 
PPasel 

[Trypanosoma cruzi] 



Length = 816 



Score = 681 bits (1757), Expect = 0.0 

Identities = 399/781 (51%), Positives = 520/781 (66%), Gaps = 48/781 (6%) ■ 

Query: 4 PALLPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLI 
63 

P L+ T +++ A +G +F+++ WYWS +++T YL 
Sbjct: 67 PPLMSADVTTVMVTSAALGFSFAMYWWYWSEIRITP GKDQGMRNAYLT 1 16 

Query: 64 

EEEEGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFST 123 

+E V+ I +SEGA +FL+ EY+Y LG +S+ 

Sbjct: 117 DE VMRNVYVISRRVSEGANAFLYAEYRYMGLFM1AFGTLIFFLLGV--AYSS 166 

Query: 124 

DNKPCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKG- 1 82 

+ +R A AA S +AF +G++TSV +G++GM+IA Y NART + A +G 
Sbjct: 167 PQ 

EGSRPVASPWANAALSLLAFFVGSLTSVFAGWIGMRIAVYTNARTAVMATEGS 221 

Query: 183 -VGKAFIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYGDDWEGL — FEAI 231 

KAF AFR G MGF L ++GL L++ + V Y+ D E + +E + 

Sbjct: 222 

EEGDQSLGFAKAFQTAFRGGITMGFALTSAGLFSLFVPVKVIGAYFDDAPENVLNVYECV 281 
Query: 232 TGYGLG- 

GSSMALFGRVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVG 290 

+GL G+++A F RVGGGIYTKAADVGADLVGK+ERNIPEDD RNP VIAD +GDNVG 
Sbjct: 282 

AAFGLRVGTAVACFARVGGGIYTKAADVGADLVGKVERNIPEDDARNPGVIADCIGDNVG 341 

Query: 291 DIAGMGSDLFGSYAEASCAALWASISSFGINHDFTAMCYPLLISSMGILVCLITTLFAT 
350 

D1AGMGSDLFGS+ + SCA LV+A+ S ++ +FT M YPLLI+++GILVC+ + L 
Sbjct: 342 DIAGMGSDLFGSFGQTSCAELVIAA-GSAELSSEFTYMMYPLLITAVGILVCIGSALIVA 
400 



Query: 351 DFFEIKLVKEIEPALKNQLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFL 
410 

+ ++ +++EP |_k ql+ STV TV + ++ GLP +FT+ T K W+ + 
Sbjct: 401 NNSGVQRAEDVEPTLKRQLLFSTVAATVALVFLTDFGLPDTFTVGTTATTK — WRALV 
456 

Query: 411 CVCVGLWAGLI IGFVTEYYTSNAYSPVQDVADSCRTGAATNVI FGLALGY- 
KXXXXXXXX 469 

CV GLW+GLIIG+ TEYYTSNAY PVQ++A++C TGAATN+I+GL+LGY 
Sbjct: 457 

CVMCGLWSGLIIGYTTEYYTSNAYHPVQEIAEACETGAATNIIYGLSLGYFSWPPILAM 516 
Query: 470 

XXXXXXXXXXXXXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRER 529 

+YG A+AALG+LST++ L IDAYGPISDNAGGIAEMA M H IRE 
Sbjct: 517 AVTILSASYRMADLYGFALAALGILSTMSIALTIDAYGPISDNAGGIAEMAHMGHEIREI 
576 

Query: 530 

TDALDAAGNTTAAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAML 589 

TDALDAAGNTTAAI GKG FAI SAA V+LAL+ A+VSR Gl T+++L +V+ GLLVGAML 
Sbjct: 577 TDALDAAGNTTAAIGKGFAIASAAFVALALYAAYVSRVGIPTINILDARVMSGLLVGAML 
636 

Query: 590 

PYWFSAMTMKSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPP 649 

PY FSA TMKSVG AA+ MV E+RRQF P + EGT +PDY +CV l+T A++++M+ P 
Sbjct: 637 PYCFSAFTMKSVGLAAMDMVNEIRRQFQN- 
PAIAEGTEEPDYESCVAIATQAALQQMVAP 695 

Query: 650 

GCLVMLTPLIVGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHA 709 

CLVMLTP++VG FG TL+G+L G++VSGVQ+AISASNTGGAWDNAKKYIE G 
Sbjct: 696 ACLVMLTPIWGVLFGRYTLAGLLPGAIVSGVQVAISASNTGGAWDNAKKYIEKG- 
GLRD 754 



f 



Query: 71 0 KSLGPKGSEPHKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATH-GGILFK 
768 

K+ G KGS H AAVIGDT+GDPLKDTSGP+LNILIKLMA+ S+VFAP F + GGI+ + 
Sbjct: 755 KNKG-KGSPQHAAAVIGDTVGDPLKDTSGPALNILIKLMAIISWFAPVFESQLGGIIMR 
813 

Query: 769 Y 769 
Y 

Sbjct: 814 Y 814 



™ > gi|242141 71 |ref|NP_71 1652.1 1 Pyrophosphate-energized vacuolar membrane proton 
pump [Leptospira 

interrogans serovar Lai str. 56601] 
gi|45658133lref|YP„002219.1| H+-translocating pyrophosphatase [Leptospira interrogans 
serovar 

Copenhageni str. Fiocruz L1-130] 
gi|33301 182[splQ8F641 |HPPAJLEPIN Pyrophosphate-energized proton pump (Pyrophosphate- 
energized 

inorganic pyrophosphatase) (H+-PPase) (Membrane-bound 

proton-translocating pyrophosphatase) 
gi|24195070|gb|AAN48670.1| Pyrophosphate-energized vacuolar membrane proton pump 
[Leptospira 

interrogans serovar lai str. 56601] 
gi|45601 375|gb|AAS70856. 1 1 H+-translocating pyrophosphatase [Leptospira interrogans 
serovar 

Copenhageni str. Fiocruz L 1-1 30] 
Length = 704 

Score = 646 bits (1667), Expect = 0.0 

Identities = 381/697 (54%), Positives = 483/697 (69%), Gaps = 38/697 (5%) 



Query: 77 KCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGS- 
VEGFSTDNKPCTYDTTR 134 

K El +AISEGA +FL EYK L + EGF+ 



-Sbjct: 42 KLLEtSSAISEGAMAFLVREYKVISLFIAFMAVLIVLLLDNPGSEGFND — 90 



Query: 135 

TCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVGKAFIVAFRSG 194 

++ IAFV GA+ S +SGF+GMKIAT N RT A+ + KAF VAF SG 
Sbjct: 91 GIYTAIAFVSGALISCISGFIGMKIATAGNVRTAEAAKSSMAKAFRVAFDSG 142 

Query: 195 AVMGFLLAASGLLVLYITINVFK- 
IYYGDDWEGLFEAITGYGLGGSSMALFGRVGGGIYT 253 

AVMGF L +L + + VF +Y G + L E++ G+GLGGS++ALFGRVGGGIYT 
Sbjct: 143 

AVMGFGLVGLAILGMIVLFLVFTGMYPGVEKHFLMESLAGFGLGGSAVALFGRVGGGIYT 202 
Query: 254 

KAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAEASCAALW 313 
KAADVGADLVGK+E+ IPEDDPRNPA IADNVGDNVGD+AGMG+DLFGS AEA+CAALV+ 
Sbjct: 203 

KAADVGADLVGKVEKGIPEDDPRNPATIADNVGDNVGDVAGMGADLFGSCAEATCAALVI 262 

Query: 314 ASISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPALKNQLIIST 
373 

+ +S++ A+YPLLIS+GI ++T+ A +K +EALKQL+ST 
Sbjct: 263 GATAS-ALSGSVDALLYPLLISAFGIPASILTSFLA — RVKEDGNVESALKVQLWVST 
317 

Query: 374 

VIMTVGIAIVSVWGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGFVTEYYTSNA 433 

+++ + V+ + SF I K + W +++ + VGL++G+ IG VTEYYTS++ 
Sbjct: 318 LLVAGIMYFVTKTFMVDSFEI — AGKTITKWDVYISMWGLFSGMFtGIVTEYYTSHS 
373 

Query: 434 

YSPVQDVADSCRTGAATNVI FGLALGYKXXXXXXXXXXXXXXXXXXXXXMYGVAVAALGM 493 

YPV++VA++ TGAATN+I+GL+LGY MYG+A+AALGM 
Sbjct: 374 YKPVREVAEASNTGAATNIIYGLSLGYHSSVIPVILLVITIVTANLLAGMYGIAIAALGM 
433 



Query: 494 

LSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGKGFAIGSAA 553 

+STIA GL IDAYGP+SDNAGGIAEMA + +R+RTD LDAAGNTTAAIGKGFAIGSAA 
Sbjct: 434 ISTIAIGLTIDAYGPVSDNAGGIAEMAELGKEVRDRTDTLDAAGNTTAAIGKGFAIGSAA 

493 - . 

Query: 554 

LVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSAALKMVEEVR 61 3 

L SLALF AF++R +++VL +V GL+ GAMLP+ F+AMTMKSVG AA+ MVEEVR 
Sbjct: 494 

LTSLALFAAFITRTHTTSLEVLNAEVFGGLMFGAMLPFLFTAMTMKSVGKAAVDMVEEVR 553 
Query: 614 

RQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFFGVETLSGVL 673 

+QF IPG+MEG KPDY CV 1ST A+++EMI PG LV+LTP++VG+ FGV+TL+GVL 
Sbjct: 554 KQFKEIPGIMEGKNKPDYKRCVDISTSAALREMILPGLLVLLTPILVGYLFGVKTLAGVL 
613 

Query: 674 

AGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAVIGDTIGDPL 733 
AG+LV+GV +AISA+N+GG WDNAKKYIE K G KGS+ HKAAV+GDT+GDP 

Sbjct: 614 AG ALVAG WLAI SAANSGGG WDN AKKYI E KKAGGKGSDQHKAAWGDTVGDPF 

666 

Query: 734 KDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

KDTSGPS+NILIKLMA+ SLVFAFF GG++FK F 
Sbjct: 667 KDTSGPSINILIKLMAITSLVFAEFFVQQGGLIFKIF 703 . 



J > gi|1 3661 740|gblAAK38077. 1 [ H+-translocating inorganic pyrophosphatase TVP1 
[Toxoplasma gondii] 
Length = 816 

Score = 611 bits (1576), Expect = e-173 

Identities = 375/766 (48%), Positives = 480/766 (62%), Gaps = 61/766 (7%) 



Query: 12 TEILVPICAVIGIAFSLFQWYWSRVKLTSDIJCXXXXXXXXXXXXXXXDYLIEEEEGVND 
71 

T L+ + ++IG+ +++++ + VS++++ L DLEGN ' 
Sbjct: 83 TTCLLLLPSIIGLFWAVYEAWKVSKIQMDGPLGDDNKRLT DPLYLEMSG-NI 133 

Query:72 

QSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDNKPCTYD 131 

Q + I I++GA+FL E+KY +G 
Sbjct: 134 QQQLNMMKSISRCIADGAVTFLTQEFKYMAWIWFSSILGIFVGI 179 

Query: 132 

TTRTCKPALATAAFSTl AFVLGAVTSVLSGFLGMKl ATYAN ARTTLEARKGVGKAFI VAF 1 91 

P +A AFVLGA+TS+L GF+GMKIA Y+N RT EA +G+ F VA 
Sbjct: 180 PTMA- AFVLGALTSILCGFVGMKIAVYSNVRTCHEAWMELGRGFQVAL 226 

Query: 192 RSGAVMGFLLAASGLLVLYITINVFKI--YYG — DDWEGLFEAITGYGLGGSSMALFGR 
246 

+G+VMGFL + GLL I ++++ +G +D LFEA+ GYGLGGSS+ALF R 
Sbjct: 227 

TAGSVMGFALVSLGCLTLVAIILLYRLPSLFGTNPEDQRALFEAVAGYGLGGSStALFAR 286 
Query: 247 

VGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAEA 306 

VGGGIYTKAADVGADL GK E + EDDPRNPA I ADNVGDNVGD+AGMG+DLFGS AEA 
Sbjct: 287 

VGGGIYTKAADVGADLSGKNEYGMSEDDPRNPACIADNVGDNVGDVAGMGADLFGSLAEA 346 

Query: 307 SCAALWASIS SFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLV 358 

SCA LV+A S G+ H ++ + +P+LISS Gl + T + F ++ 
Sbjct: 347 

SCAGLVIAGASIATSASGGPQGLAHSWSGLMFPVLISSTGIFTGIFTWLVRACFSVRCY 406 
Query: 359 

KEIEPALKNQLIISTVIMTVGIAIVSVWGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWA 418 
+IE ALK + 1ST + + ++S+ LP+ F + G Q W +CV +GLWA 



Sbjct: 407 DDIEKALKWVMFISTGLEMPVLILLSYFFLPSEFLLD-- 
GCQGTTAWWHAAVCWLGLWA 464 

Query: 419 

GLIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXX 478 

GL IG+VTEYYTS++Y PV++++ + AAT +I+GLALGY 
Sbjct: 465 GLAIGYVTEYYTSHSYFPVREISQTQIVSAATGIIYGLALGYSSTWPIICLGVTILVSH 
524 

Query: 479 

XXXXMYGVAVAALGMLSTIATGLAtDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGN 538 

MYG+A+AALGMLST+ GL ID YGPISDNAGGIAEMAG+ +R RTDALDAAGN 
Sbjct: 525 

TLCGMYGIALAALGMLSTLTMGLMIDGYGPISDNAGGIAEMAGLGPEVRSRTDALDAAGN 584 
Query: 539 

TTAAiGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTM 598 

TTAA+GKG+AIGSAALVSLALFGAF RA I VDVL P GLL GAM+PY FSAMTM 
Sbjct: 585 

TTAAVGKGYAIGSAALVSL^LFGAFWRAHITAVDVLDPWTFTGLLFGAMMPYAFSAMTM 644 
Query: 599 

KSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPL 658 

KSVGAA MV+E +QF P +++G +P Y C++IST AS+ EMI PG LV+ P+ 
Sbjct: 645 KSVGIAASDMVQECLQQF — PLIIQGNIEPQYKRCIEISTRASLHEMIAPGALVICAPV 
701 

Query: 659 IVGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGV-- 
SEHAKSLGPKG 716 

G FG. +G+LAG+LVSG+Q+AISAS +G AWDNAKKYIE+G ++H KG 

Sbjct: 702 AAGMMFGKNCTAGLLAGALVSGIQLAISASTSGSAWDNAKKYIESGALGADHG 

KG 756 

Query: 717 SEPHKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATH 762 

S+ HK AV GDT+GDPLKDTSGPSLNILIKL A+ SLVF F A H 
Sbjct: 757 SQAHKNAVTGDTVGDPLKDTSGPSLNILIKLSAIISLVFGAFIAEH 802 



> gi|1 3661 738|gb|AAK38076.1 1 H+-translocating inorganic pyrophosphatase TVP1 
[Toxoplasma gondii] 
Length = 816 

Score =610 bits (1573), Expect = e-173 

Identities = 376/766 (49%), Positives = 479/766 (62%), Gaps = 61/766 (7%) 

Query: 12 TEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLIEEEEGVND 
71 

T L+ + ++IG+ +++++ + VS++++ L D L E G N 
Sbjct: 83 TTCLLLLPSIIGLFWAVYEAWKVSKIQMDGPLGDDNKRLT DPLYLEMSG-NI 133 

Query: 72 

QSWAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDNKPCTYD 131 

Q + I I++GA+FL E+KY LG G T 
Sbjct: 134 QQQLNMMKSISRCIADGAVTFLTQEFKYMAVYIWFSSI — LGIFVGIRT 181 

Query: 132 

TTRTCKPALATAAFSTI AFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVGKAFIVAF 1 91 

AFVLGA+TS+L GF+GMKIA Y+N RT EA +G+ F VA 
Sbjct: 182 MAAFVLGALTSILCGFVGMKIAVYSNVRTCHEAWMELGRGFQVAL 226 

Query: 192 RSGAVMGFLLAASGLLVLYITINVFKI-YYG — DDWEGLFEAITGYGLGGSSMALFGR 
246 

+G+VMGF L + GLL I ++++ +G +D LFEA+ GYGLGGSS+ALF R 
Sbjct: 227 

TAGSVMGFALVSLGCLTLVAIILLYRLPSLFGTNPEDQRALFEAVAGYGLGGSSIALFAR 286 
Query: 247 

VGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAEA 306 

VGGGIYTKAADVGADL GK E + EDDPRNPA IADNVGDNVGD+AGMG+DLFGS AEA 
Sbjct: 287 

VGGGIYTKAADVGADLSGKNEYGMSEDDPRNPACIADNVGDNVGDVAGMGADLFGSLAEA 346 



Query: 307 SCAALWASIS SFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLV 358 

SCA LV+A S G+ H ++ + +P+LISS Gl + T + F ++ 
Sbjct: 347 

SCAGLVIAGASIATSASGGPQGLAHSWSGLMFPVLISSTGIFTGIFTWLVRACFSVRCY 406 
Query: 359 

KEIEPALKNQLIISWIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWA 41 8 

+IE ALK + 1ST + + ++S+ LP+ F + G Q W +CV +GLWA 
Sbjct: 407 DDIEKALKWVMFISTGLEMPVLILLSYFFLPSEFLLD- 
GCQGTTAWWHAAVCWLGLWA 464 

Query: 419 

GLIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXX 478 

GL IG+VTEYYTS++Y PV++++ + AAT +I+GLALGY 
Sbjct: 465 GLAIGYVTEYYTSHSYFPVREISQTQIVSAATGIIYGLALGYSSTWPIICLGVTILVSH 
524 

Query: 479 

XXXXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGN 538 

MYG+A+ AALGM LST+ GL ID YGPISDNAGGIAEMAG+ +R RTDALDAAGN 
Sbjct: 525 

TLCGMYGIALAALGMLSTLTMGLMIDGYGPISDNAGGIAEMAGLGPEVRSRTDALDAAGN 584 
Query: 539 

TTAAIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTM 598 

TTAA+GKG+AIGSAALVSLALFGAF RA I VDVL P GLL GAM+PY FSAMTM 
Sbjct: 585 

TTAAVGKGYAIGSAALVSLALFGAFWRAHITAVDVLDPWTFTGLLFGAMMPYAFSAMTM 644 
Query: 599 

KSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPL 658 

KSVGAA MV+E +QF P +++G +P Y C++IST AS+ EMI PG LV+ P+ 
Sbjct: 645 KSVGIAASDMVQECLQQF — PLIIQGNIEPQYKRCIEISTRASLHEMIAPGALVICAPV 
701 

Query: 659 IVGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGV-- 
SEHAKSLGPKG 716 



G FG +G+LAG+LVSG+Q+AISAS +G AWDNAKKY1E+G ++H KG 

Sbjct: 702 AAGMMFGKNCTAGLLAGALVSGIQLAISASTSGSAWDNAKKYIESGALGADHG 

KG 756 

Query: 717 SEPHKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATH 762 

S+ HK AV GDT+GDPLKDTSGPSLNILIKL A+ SLVF F A H 
Sbjct: 757 SQAHKNAVTGDTVGDPLKDTSGPSLNILIKLSAIISLVFGAFIAEH 802 



> gil23509763|reflNP_702430.1 1 V-type H(+)-translocating pyrophosphatase, putative 
[Plasmodium 

falciparum 3D7] 

gi|23497614|gb|AAN37154.1| V-type H(+)-translocating pyrophosphatase, putative 
[Plasmodium 

falciparum 3D7] 

Length = 717 

Score = 585 bits (1 507), Expect = e-1 65 

Identities = 346/696 (49%), Positives = 450/696 (64%), Gaps = 47/696 (6%) 
Query: 75 

VAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDNKPCTYDTTR 1 34 

VK EI + I+GA+FL E++Y +S 
Sbjct: 48 VEKMKEIASYIAVGANAFLKKEFQYLAVFIIVFSILLGFFVNS 90 

Query: 135 

TCKPALATAAFSTI AFVLGAVTSVLSGFLGMKI ATYANARTTLEARKGVGKAFIVAFRSG 1 94 

F+ ++FVLG +TS+L G++GMKIA YAN RTT E K + K F V +G 
Sbjct: 91 FTAVSFVLGCLTSILCGYIGMKIAVYANVRTTNETWKSLDKGFQVTLNAG 140 

Query: 195 AVMGFLLAASGLLVLYITINVFKIYYGDDW — 
EGLFEAITGYGLGGSSMALFGRVGGGI 251 

VMGF L + G++ L + I V+K Y + +++ I G+GLGGSS+ALF RVGGGI 
Sbjct: 141 WMGFSLVSFGIIALGLLIFWKTYVFKNTIPDNQIYKIIAGFGLGGSSIALFSRVGGGI 
200 



Query: 252 

YTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAEASCAAL 31 1 

YTKAADVGADL GK E IPEDD RNPA IADNVGDNVGD+AGMG+DLFGS AE+ CAAL 
Sbjct: 201 

YTKAADVGADLSGKNEYGIPEDDIRNPACIADNVGDNVGDMAGMGADLFGSLAESLCAAL 260 

Query: 312 WAS — ISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPALKN 367 

V+S I +"F ++PLL S ++ +IT T +l K++E+LK 
Sbjct: 261 VIGSSVISIGEGSPGNAFHCILFPLLFVSFSVICSMITFYIITYSVKINDKKDVEKSLKY 
320 

Query: 368 QLIISWIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGFVTE 
427 

L++STV+++I ++V P+ + + K+ W+++ VGLW+GLIIGFTE 
Sbjct: 321 LLLLSTVLQSLAILAIGYVCFPS — LVKYNYLKDIHRWKIIVPALVGLWSGLIIGFTTE 377 

Query: 428 

YYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMYGVA 487 

+YTS ++SPVQ++A + + AAT +I+GL+LGYK +YG+A 
Sbjct: 378 FYTSYSFSPVQEIAHTQKVSAATGIIYGLSLGYKSTFIPIICLSATLGISYGLCDIYGIA 
437 

Query: 488 

VAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGKGF 547 

+AA+GMLST+ L IDAYGPISDNAGGIAEMAG+ +RERTD L D AAG NTTAAI G KG F 
Sbjct: 438 LAAVGMLSTLCICLTIDAYGPISDNAGGIAEMAGLPSEVRERTDILDAAGNTTAAIGKGF 
497 

Query: 548 

AIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSAALK 607 

AIGSAALV+ ALFGA+ S A + V++L VIIGLL+GAMLPY FSA+TMKSV AA 
Sbjct: 498 AIGSAALVAFALFGAYASSANLRHVNILNSWVIIGLLIGAMLPYLFSALTMKSVAIAANS 
557 

Query: 608 

MVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFFGVE 667 



++ E QF P ++EG KPDY C+KISTDAS+++MI PG + + +PLI+G G 
Sbjct: 558 VLNECLEQF — PLILEGKQKPDYEKCIKISTDASLRQMIVPGLISVFSPLIIGMLMGKY 
614 

Query: 668 TLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGV-- 
SEHAKSLGPKGSEPHKAAVI 725 

+G+L G ++SG+Q+A S++N+GGAWDNAKKYIE+G EH KGS HK +VI 

Sbjct: 615 ATAG LLI Gl I LSGI QLAFSSTN SGG AWD N AKKYI ESG ALG KEH C KGSNAHKNSVI 

669 

Query: 726 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFAT 761 

GDT+GDPLKDTSGPSLNILIKL A+SLVFA AT 
Sbjct: 670 GDTVGDPLKDTSGPSLNILIKLSAITSLVFANVIAT 705 



> gi|4324984|gb|AAD1 721 5.1 1 proton-pumping vacuolar pyrophosphatase; plant vacuolar 
pyrophosphatase homolog; PVP [Plasmodium falciparum] 
Length = 717 

Score = 585 bits (1507), Expect = e-165 

Identities = 346/696 (49%), Positives = 450/696 (64%), Gaps = 47/696 (6%) 
Query: 75 

VAKCAEIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDNKPCTYDTTR 1 34 

VK EI + I+GA+FL E++Y +S 
Sbjct: 48 VEKMKEIASYIAVGANAFLKKEFQYLAVFIIVFSILLGFFVNS 90 

Query: 135 

TCKPALATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVGKAFIVAFRSG 1 94 

F+ ++FVLG +TS+L G++GMKIA YAN RTT E K+KFV +G 
Sbjct: 91 FTAVSFVLGCLTSILCGYIGMKIAVYANVRTTNETWKSLDKGFQVTLNAG 140 

Query: 195 AVMGFLLAASGLLVLYITINVFKIYYGDDW — 
EGLFEAITGYGLGGSSMALFGRVGGGI 251 

VMGF L + G++ L + I V+K Y + +++ I G+GLGGSS+ALF RVGGGI 



Sbjct: 141 TVMGFSLVSFGIIALGLLIFVYKTYVFKNTIPDNQIYKIIAGFGLGGSSIALFSRVGGGI 
200 

Query: 252 

YTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAEASCAAL 311 

YTKAADVGADL GK E IPEDD RNPA IADNVGDNVGD+AGMG+DLFGS AE+ CAAL 
Sbjct: 201 

YTKAADVGADLSGKNEYGIPEDDIRNPACIADNVGDNVGDMAGMGADLFGSLAESLCAAL 260 

Query: 312 WAS — ISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPALKN 367 

V+ S I + F + +PLL S ++ +IT T +l K++E +LK 
Sbjct: 261 VIGSSVISIGEGSPGNAFHCILFPLLFVSFSVICSMITFYIITYSVKINDKKDVEKSLKY 
320 

Query: 368 QLIISTVIMTVGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGFVTE 
427 

L++STV+ ++ I + +V P+ + + K + W++ + VGLW+GLIIGF TE 
Sbjct: 321 LLLLSTVLQSLAILAIGYVCFPS — LVKYNYLKDIHRWKIIVPALVGLWSGLIIGFTTE 377 

Query: 428 

YYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXXMYGVA 487 

+YTS ++SPVQ++A + + AAT +I+GL+LGYK +YG+A 
Sbjct: 378 FYTSYSFSPVQEIAHTQKVSAATGIIYGLSLGYKSTFIPIICLSATLGISYGLCDIYGIA 
437 

Query: 488 

VAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGKGF 547 

+AA+GMLST+ L IDAYGPISDNAGGIAEMAG+ +RERTD LDAAGNTTAAIGKGF 
Sbjct: 438 LAAVGMLSTLCICLTIDAYGPISDNAGGIAEMAGLPSEVRERTDILDAAGNTTAAIGKGF 
497 

Query: 548 

AIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSAALK 607 

AIGSAALV+ ALFGA+ S A + V++L VIIGLL+GAMLPY FSA+TMKSV AA 
Sbjct: 498 AIGSAALVAFALFGAYASSANLRHVNILNSWVIIGLLIGAMLPYLFSALTMKSVAIAANS 
557 



Query: 608 

MVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFFGVE 667 

++ E QF P ++EG KPDY C+KISTDAS+++MI PG + + +PLI+G G 
Sbjct: 558 VLNECLEQF— PLILEGKQKPDYEKCIKISTDASLRQMIVPGLISVFSPLIIGMLMGKY 
614 

Query: 668 TLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGV-- 
SEHAKSLGPKGSEPHKAAVI 725 

+G+L G ++SG+Q+A S++N+GGAWDNAKKYIE+G EH KGS HK +VI 

Sbjct: 615 ATAGLLIGIILSGIQLAFSSTNSGGAWDNAKKYIESGALGKEHC KGSNAHKNSVI 

669 

Query: 726 GDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFAT 761 

GDT+GDPLKDTSGPSLNILIKL A+SLVFA AT 
Sbjct: 670 GDTVGDPLKDTSGPSLNILIKLSAITSLVFANVIAT 705 



> gi|23483521|gb|EAA19163.1l V-type H(+)-translocating pyrophosphatase [Plasmodium 
yoelii 

yoelii] 

Length = 716 
Score = 582 bits (1501), Expect = e-165 

Identities = 356/767 (46%), Positives = 471/767 (61 %), Gaps = 73/767 (9%) 

Query: 7 LPELWTEILVPICAVIGIAFSLFQWYWSRVKLTSDLXXXXXXXXXXXXXXXXDYLIEEE 
66 

+ EL+ I P V+G+FS++ +SR+ + + DL + E 
Sbjct: 1 MKELYCIIFGP--PVLGLLFSVIECISISRIHIGAS DDKLDKVE 42 

Query: 67 

EGVNDQSWAKCAEIQTAISEGATSFLFTEYKYXXXXX)QOO(XXXXXXLGSVEGFSTDNK 126 

G Q+ + K El + ISEGA SFL EY+Y + 
Sbjct: 43 NG — QAKIEKMKEIASYISEGANSFLSKEYQYLIVFMILFSGLLSWFINY 90 



Query: 127 

PCTYDTTRTCKPALATAAFSTIAFVLGAVTSVLSGFLGMKI ATYANARTTLEARKGVGKA 1 86 

++ l+F +G +TS++ G++GMKIA YAN RTT E K + K 
Sbjct: 91 YTAISFAIGCITSIICGYIGMKIAVYANVRTTSETWKSLDKG 132 

Query: 187 FIVAFRSGAVMGFLLAASGLLVLYITINVFKIYYG- 
DDWEGLFEAITGYGLGGSSMALFG 245 

F V +G VMGF L + ++ L t +K + D L++AI G+GLGGSS+ALF 
Sbjct: 133 FKVTLNAGTVMGFSLVSLSIISLGALIFAYKAQFQFSDDPALYKAIAGFGLGGSSIALFS 
192 

Query: 246 

RVGGGIYTKAADVGADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAE 305 

RVGGGIYTKAADVGADL GK E IPEDD RNPA IADNVGDNVGD+AGMG+DLFGS AE 
Sbjct: 193 

RVGGGIYTKAADVGADLSGKNEYGIPEDDIRNPACIADNVGDNVGDMAGMGADLFGSLAE 252 

Query: 306 ASCAALWAS ISSFGINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKL 357 

+ CA+LV+ S + SF IN+ F +PL SS l+ ++T T + 
Sbjct: 253 SLCASLVIGSSVLSLPENMKSFDINYCFM — FPLFFSSASIISSMLTFFLVTKIVRVTG 
309 

Query: 358 

VKEIEPALKNQLIISWIMWGIAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLW417 

+ +E LK L IST+ ++ i +V LP + + K + NW++ + VGLW 
Sbjct: 310 KEGVERTLKYLLFISTIFQSLTIFWGQYCLPP — VLVYDVLKQIPNWKIIVPALVGLW 
366 

Query: 418 

AGLIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXX 477 

+GLIIGF TE+YTS ++ PVQ++A++ + AAT +I+GL+LGYK 
Sbjct: 367 SGLIIGFTTEFYTSYSFRPVQEIANTQKISAATGIIYGLSLGYKSTFIPIICLSGALGIS 426 

Query: 478 

XXXXXMYGVAVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAG 537 
+YGVA+AA+GMLST+ L IDAYGPISDNAGGIAEMAG+ +RE+TD LDAAG 



Sbjct: 427 

YVFCEVYGVALAAVGMLSTLCICLTIDAYGPISDNAGGIAEMAGLPSEVREKTDILDAAG 486 
Query: 538 

NTTAAIGKGFAIGSAALVSLALFGAFVSRAGIHWDVLTPKVIIGLLVGAMLPYWFSAMT 597 

NTTAAIGKGFAIGSAALV+ ALFGA+ S A + V++L P VIIGLL+G+MLPY FSA+T 
Sbjct: 487 NTTAAIGKGFAIGSAALVAFALFGAYASSAKVRHVNILNPWVIIGLLIGSMLPYLFSALT 
546 

Query: 598 

MKSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTP 657 

MKSV AA ++ E QF P ++ KPDY C+KISTDAS+++MI PG + + P 
Sbjct: 547 MKSVAIAANSVLNECLEQF — PLILANKQKPDYDKCIKISTDASLRQMILPGLISVTFP 
603 

Query: 658 LIVGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGV- 
SEHAKSLGPK 71 5 

Ll+G G +G+L G ++SG+Q+A S++N+GGAWDNAKKYIE+G ++H K 

Sbjct: 604 LIIGMLMGKYATAGLLIGIILSGIQLAFSSTNSGGAWDNAKKYIESGALGTDHC K - 

658 

Query: 716 GSEPHKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATH 762 

GS HK +VIGDT+GDPLKDTSGPS+NILIKL A+ SLVFA + H 
Sbjct: 659 GSNAHKNSVIGDTVGDPLKDTSGPSINILIKLSAiTSLVFAGLISNH 705 



> gi|14149007|emb|CAC39165.1| vacuolar-type H+-pyrophosphatase [Lycopersicon 
esculentum] 

Length = 356 

Score = 570 bits (1468), Expect = e-161 

Identities = 317/356 (89%), Positives = 323/356 (90%) 

Query: 415 

GLWAGLIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXX 474 



GLWAGLIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYK 
Sbjct: 1 GLWAGLIIGFVTEYYTSNAYSPVQDVADSCRTGAATNVIFGLALGYKSVIIPIFAIAISI 60 - 

Query: 475 

XXXXXXXXMYGVAVAALGMLSTiATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALD 534 
MYG+AVAALGMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALD 

Sbjct: 61 

FVSFSFAAMYGIAVAALGMLSTiATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALD 120 
Query: 535 

AAGNTTAAIGKGFAIGSAALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFS 594 
AAGNTTAAIGKGFAIGSAALVSLALFGAFVSRA I TVDVLTPKV IGLLVGAMLPYWFS 
Sbjct: 121 

AAGNTTAAIGKGFAIGSAALVSLALFGAFVSRAAISTVDVLTPKVFIGLLVGAMLPYWFS 1 80 
Query: 595 

AMTMKSVGSAALKMVEEVRRQFNTIPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVM 654 

AMTMKSVGSAALKMVEEVR QFNTIPGLME TAKPDYATCVKI TDASIKEMIPPG LVM 
Sbjct: 181 

AMTMKSVGSAALKMVEEVRXQFNTIPGLMERTAKPDYATCVKtFTDASIKEMIPPGALVM 240 
Query: 655 

LTPLIVGFFFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGP 714 
LTPLIVG FGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAG SEHA++LGP 
Sbjct: 241 

LTPLIVGILFGVETLSGVLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGASEHARTLGP 300 

Query: 715 KGSEPHKAAVIGDTIGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILFKYF 770 

KGS+ HKAAVIGDT+GDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGG+LFK F 
Sbjct: 301 KGSDAHKAAVIGDTVGDPLKDTSGPSLNILIKLMAVESLVFAPFFATHGGLLFKLF 356 



> gi|2821 01 39|ref|NP_781 083. 1 1 vacuolar-type ^-pyrophosphatase [Clostridium tetani E88] 
gil33301168lsplQ898Q9|HPPA_CLOTE Pyrophosphate-energized proton pump 
(Pyrophosphate-energized 



inorganic pyrophosphatase) (H+-PPase) (Membrane-bound 
proton-translocating pyrophosphatase) 
gi|282Q2575|gb|AAO35020.1 1 vacuolar-type H+-pyrophosphatase [Clostridium tetani E88] 
Length = 673 

Score =513 bits (1320), Expect = e-144 

Identities = 334/696 (47%), Positives = 426/696 (61%), Gaps = 72/696 (10%) 
Query: 80 

EIQTAISEGATSFLFTEYKYXXXXXXXXXXXXXXXLGSVEGFSTDNKPCTYDTTRTCKPA 1 39 

El I +GA +FL TEYKY +G 
Sbjct: 38 E I AG H I H DG AM AFL KTE YKYLTG F I VI VTVI LAI FVG 74 

Query: 140 

LATAAFSTIAFVLGAVTSVLSGFLGMKIATYANARTTLEARKGVGKAFIVAFRSGAVMGF 199 

TAA F+LGA+ S+ +G+ GM +AT AN RT AR GKA +AF GAVMG 
Sbjct: 75 WQTAA — CFILGAIFSIFAGYFGMNVATKANVRTAEAARHSQGKALNIAFSGGAVMGM 
130 

Query: 200 

LLAASGLLVLYITINVFKIYYGDDWEGLFEAITGYGLGGSSMALFGRVGGGIYTKAADVG 259 
+ G++ + I +F G E +TG+GLG SS+ALF RVG G G I YTKAADVG 

Sbjct: 131 SWGLGWGIGIMYYIFG GNMEFVTGFGLGASSIALFARVGGGIYTKAADVG 

182 

Query: 260 

ADLVGKIERNIPEDDPRNPAVIADNVGDNVGDIAGMGSDLFGSYAEASCAALWASISSF 319 

ADLVGK+E IPEDDPRNPAVIADNVGDNVGD+AGMG+DLFSY + +AL + ++ 
Sbjct: 183 ADLVGKVEAGIPEDDPRNPAVIADNVGDNVGDVAGMGADLFESYVGSIISALTLGTV- 
-239 

Query: 320 GINHDFTAMCYPLLISSMGILVCLITTLFATDFFEIKLVKEIEPALKNQLIISTVIMTVG 
379 

+ + + +PL++SS+GI+ +l LF+ K+ + AL I +I+ V 
Sbjct: 240 -VYANKEGVMFPLILSSIGIVASIIGILFSRK — SKAKDPQKALNTGTYIGGIIVIVS 294 



Query: 380 

IAIVSWVGLPTSFTIFNFGTQKWKNWQLFLCVCVGLWAGLIIGFVTEYYTSNAYSPVQD 439 

Al+S TIF N + F V GL G+IIG +TE YTS+AYS VQ 
Sbjct: 295 AAILS NTIFG NLKAFFAVASGLWGMIIGKITEMYTSDAYSSVQK 339 

Query: 440 VADSCRTGAATNVIFGLALGYKXXXXXXXXXXXXXXXXXXXXX MYGVAVAAL 

491 

+A+ TGAT+IGLA+G +YG+++AA+ 
Sbjct: 340 IANQSETGPATTIISGLAVGMYSTLWPIVLISIGVLVSFFVMGGGSNAMVGLYGISLAAV 
399 

Query: 492 

GMLSTIATGLAIDAYGPISDNAGGIAEMAGMSHRIRERTDALDAAGNTTAAIGKGFAIGS 551 

GMLST +A+DAYGPI+DNAGGIAEM+ + H +RE TD LD+ GNTTAAIGKGFAIGS 
Sbjct: 400 

GMLSTTGLTVAVDAYGPIADNAGGIAEMSELPHEVREITDKLDSVGNTTAAIGKGFAIGS 459 
Query: 552 

AALVSLALFGAFVSRAGIHTVDVLTPKVIIGLLVGAMLPYWFSAMTMKSVGSAALKMVEE 61 1 

AAL +L+LF ++ + ++D+L ++GL +GAMLP+ F A+TM+SVG AA +M+EE 
Sbjct: 460 AALTALSLFASYAQATELESIDILNTVTLVGLFIGAMLPFLFGALTMESVGKAANEMIEE 
519 

Query: 612 

VRRQFNTiPGLMEGTAKPDYATCVKISTDASIKEMIPPGCLVMLTPLIVGFFFGVETLSG 671 

VRRQF TIPG+MEG A PDY CV 1ST A+I+EMI PG L ++ P+ +G G E L G 
Sbjct: 520 

VRRQFKTIPGIMEGKATPDYKKCVDISTAAAIREMILPGVLAIWPVAMGLLLGKEALGG 579 
Query: 672 

VLAGSLVSGVQIAISASNTGGAWDNAKKYIEAGVSEHAKSLGPKGSEPHKAAVIGDT1GD 731 
+LAG+LVSGV + I SN GGAWDNAKKYIE G G KGSE HKAAV+GDT+GD 

Sbjct: 580 LLAGALVSGVLVGILMSNAGGAWDNAKKYIEGGAH 

GGKGSEAHKAAWGDTVGD 633 

Query: 732 PLKDTSGPSLNILIKLMAVESLVFAPFFATHGGILF 767 
P KDTSG PS+ N I L t KLM + SLVFAP +GGIL 



Sbjct: 634 PFKDTSGPSMNILIKLMTIVSLVFAPWLQYGGILL 669 



Database: All non-redundant GenBank CDS 

translations+PDB+SwissProt+PIR+PRF excluding environmental samples 

Posted date: Jun 21, 2004 12:17 AM 
Number of letters in database: 619,299,334 
Number of sequences in database: 1 ,865,463 

Lambda K H 
0.322 0.138 0.405 

Gapped 

Lambda K H 
0.267 0.0410 0.140 

Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Hits to DB: 166,000,056 

Number of Sequences: 1865463 

Number of extensions: 6612265 

Number of successful extensions: 18550 

Number of sequences better than 10.0: 41 

Number of HSP's better than 10.0 without gapping: 34 

Number of HSP's successfully gapped in prelim test: 7 

Number of HSP's that attempted gapping in prelim test: 18354 

Number of HSP's gapped (non-prelim): 60 

length of query: 770 

length of database: 619,299,334 

effective HSP length: 133 



effective length of query: 637 

effective length of database: 371,192,755 

effective search space: 236449784935 

effective search space used: 236449784935 

T: 11 

A: 40 

X1: 16 (7.4 bits) 
X2: 38 (14.6 bits) 
X3: 64 (24.7 bits) 
S1:41 (21.9 bits) 
S2: 78 (34.7 bits) 



I" 



EXHIBIT B 



jun z 9 vm. v 

J/ 



. May. 17. 2004 1 1 :45AM 

FEW 22076 




No. 2952 P. i 

FEBS Utters 452 (1999) 121-127 



Minireview 

H + -proton-pumping inorganic pyrophosphatase: 
a tightly membrane-bound family 
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Abstract The earliest known H + -proton-puraping inorganic 
pyrophosphatase, tbe integrally membrane-bound rT-protoo- 
pumping inorganic pyrophosphate synthase from Rhodospiriaum 
ntbmm, is still the oiUy alternative to H + -ATP synthase in 
biological electron transport phosphorylation. Cloning of several 
higher plant vacuolar H T -pro toe-pumping inorganic pyropho- 
sphatase genes has led to the recognition that the corresponding 
proteins form a family of extremely similar proton-pumping 
enzymes. Tbe bacterial H + -protoD-pinnpiitg inorganic pyropho- 
sphate synthase and two algal vacuolar H + -protoo-pumping 
inorganic pyrophosphatases are homologous with this family, as 
deduced from their cloned genes. The prokaryotic and algaj 
bomologues differ more than the H ""-proton-pumping inorganic 
pyrophosphatases from higher plants, facilitating recognition of 
functionally significant entities. Primary structures of H*- 
proton-pumping inorganic pyrophosphatases are reviewed and 
compared with H*-ATPa$es and soluble proton-pumping 
inorganic pyrophosphatases. 
© 1999 Federation of European Biochemical Societies. 

Key words: H i -proton-pumping inorganic pyrophosphatase: 
H + -proton-pumping inorganic pyrophosphate synthase; 
H + -ATPasc; H + -ATP synthase; Amino acid sequence; 
Evolution; Enzyme family 



1. Introduction 

Photopbosphorylation of inorganic orthopbosphate (Pi) to 
pyrophosphate (PPi), in chromatophores isolated from the 
phptosynthetic, purple, non-sulfur bacterium RhodospiriUum 
mbnon, was discovered in 1966 [1] and found to be sensitive 
to uncouplcrs but uninhibited by oligomycin [ZJ. This light- 
traduced formation of PPi, which provided a raison d' etre for 
the tightly membrane- bo unp^jmcoupler stimulated, inorganic 
pyrophosphatase (PPase) activity in chromatophores [3,4], is 
still the only known alternative to' ATP formation in biolog- 
ical electron transport phosphorylation. In isolated chromato- 
phores. PPi was used to drive several energy requiring reac- 
tions [5-8]. Proton movement, which was induced by light in 
chromatophores [9], was shown by addition of PPi in the dark 
to be linked also to the PPase [10], thus showing it to be a 



'Corresponding author. Fax: (46) (B) 153 679. 
E-raail; meg^bioiccrnUu.w: 

Abbreviations: PPL inorganic pyrophosphate; PP» 5 ie, inorganic pyro- 
phosphatase; ATP, adenosine triphosphate: ATPase, adenosine tri- 
phosphatase 



H'-PPase (H + -PPi synthase, compare H--F 0 F ( ATPase. H~- 
F 0 FiATP synthase). 

A membrane-bound PPase activity was found in 1975 in 
homogenates from higher plants [I I] and was later localized 
to plant vacuoles [J2J. In plants, the vacuoles contain two 
enzymes for acidifying the interior of the vacuole, the well 
known V-ATPase and the V-PPuse (V for vacuolar). 

Nine amino acid sequences of plant V-PPases have been 
solved and shown to form a distinct protein family [13-21]. 
Two are from green algae and have been published very re- 
cently \2Q2\). The higher plant sequences show identities of 
more than 85% [18]. From bacteria, the & ruhrum H~ -PPase 
(PPi synthase) sequence [22] belongs to the same family, as do 
two homologues which have emerged from genomics work 
with hyperthertnophiies, namely the archacon Pyrohacttlum 
aerop/uhtnt and the bacterium TheniMfo^a mwiiima. 

H "-PPase activity has- also been documented in several oth- 
er membranes from higher plants [23-25], as well as in acid- 
ot:alci$ome$ from the protozoan Trypanosoma cruzi [26] and 
the cell membrane of the chemotrpphic anaerobic bacterium 
Synt rap Juts gvntiurfcn< 

An excellent review @> on pyrophosphate as an energy 
donor in plant cells discusses in great detail the possible inter- 
lay b etween ATP-linked and PPi-linkcdrc artionsjAs several 
rccc nt review articles [29-31] cover the cukaryoticFT-PPases. 
this minireview is somewhat focusscd on the prokaryotic ho- 
moiogues. Emphasis is also on H "-PPases with a known pri- 
mary structure and on comparison with both FT-ATPases 
and soluble PPases. X-ray structures at high resolution of 
crystals from soluble PPases from both pro- and cukaryotes 
have provided the background for most of the detailed knowl- 
edge about the structure and reaction mechanism, also in 
other PPases. Whereas the membrane-bound PPases are di- 
rectly involved in ft n oetic reactions, soluble PPases have 
fat been tecoanized to function in t pfi hydrolysis nf tHp PPi 
e merging as a by product from various ATP req uiring biosyn- 

CCCTCrcCGCCBCTAOTTrrecCAGGCTCCCCCTACCOT 

^TCTCCCTATTCCATCCCCgCCC Cgl N 1 1 'I'LL lg ATTCOCCQCCC TTACOC ZZ ATT CiCaz^UI 

&:>.TCGAACGAATCM5?3CTOGC\^^ 

CTO^XTMMCTCTCACCATCAAA^^ 

c _\ 9 ALT I XT t K A A - D A C T A P M 
A£5^TTTCCG«ecC^CACCAAOOCGCCAO^^ 

Altomativo start 

Fi x . 1. The first 319. nucleotides from the N-ierroinal end of the 
clone RrPP4. The two identical Shine Dalgamo regions (OCAG) 
and the two possible start codons (ATC end CTC, in bold script) 
are underlined. Corresponding amino acids for the two alternatives 



are given. 
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Fig. 3- Alignment with the pam of two loops between transmembrane segment S-6 (above) and 15-16 (below) In H+-PPast*. where the part of 
loop 5-6 contains the thr« motifs GOG. DVOADLVGK and DNVGDNVGD. Residues in black/gray bo«s *re identical/similar in all LJL 
ces. The consensus of smulanties follows that of the first organism. ^ 
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exception is the motif DX7KXE [44J in the loop after trans- 
membrane segment 5 which is similar to the active site motif 
EXi_ 8 KXE in soluble PPases [50]. Antibodies directed to this 
motif in V. radiata V-PPase were recently shown to strongly 
inhibit the hydrolytic and proton -pumping activity of mem- 
brane vesicles and the hydrolytic activity of the purified en- 
~ zyme [51], Ajpccrfic chemical inh ibitorjor H + -PPases from 
G /Z plants ^ a ndphotobacte ria is aminorn^thylencdrphosprio- 

/o ^ffif w • ' * 

^ ^ , Amino acid sequences of algal V-PPases from Aartabulariu 
^p/*! acetabulum [20] and Cham corallinct [21] have very recently 
X r emer 6 e<i ' ^ c & acetabulum sequence shows approximately 
*,y as many identities with the K rubrum sequence as with the 
^ one from A. thaliuna (see Fig. 2), whereas the C cor dl inn 
sequence is much more tike that of A. tkaliana. A possible, 
limVbetween vacuolar and bacterial H^-PP ases jsjhc new 
h omologue from A. thaliuna . It sh ows more sequence iden ti- 
t ies with the the U ruhnw H+-P Fase <4fr^rS5?Pwith any 
o r the v acuolar H*-PPa$es (33.^37.2%). Furthermore, *the . 
homolog¥e*l2oT!rtalmi one of two cysteines of the putative ac- 
tive site loop of the R, rubrum H + -PPase. The substitution of 
E in the motif EYYT to K. indicates that the homo!ogue~may" 
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no longer possess coupling^ac^vity. 
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4. Some further structural and evolutionary aspects 

i ' 

i The amino acid sequences of the bacteria) PPi synthase 
from Rhodoxpiritlum, the homologue from Viermotoga and 
nine published vacuolar H-PPases are shown in Fig. 2. Com- 
parisons with hydrophobic plots show that identical (black- 
ened) and similar (shadowed) residues are particularly abun- 
dant between transmembrane segments, in the loops 5, U and 
15. 

The homology between all membrane-bound H*-PPascs 
has led to various questions, about common structural prop- 
erties of functional significance and about evolution,, both 
within these urchaeaL bacterial, algal and higher plant en* 



zymes and between this protein family and possibly related 
families, such as membrane-bound ATPases and soluble 
PPases. 

4 J. Within the /T-rVW family 

Attention is here first restricted to corresponding parts of 
two loops in the PPi synthase from R. ruhrwn. A 45 amino 
acid piece from the 57 amino acids in the putative active site 
loop 5 is compared with a similar part of loop 15, which may 
contain a duplicated and subsequently evolved segment of an 
ancestral version of loop 5. Three motifs of loop 5 are GGG 

DVGADLVGK and DNVGDNVGD * 

The first motif, the_triglycyl sequence, occurs in all H~- 
PFas-c family memtersMjQTay expected to have the po- 
" jcnttaT top rovide, to the extent that otheTstructural p roper-' 
fi cs of the enzyme all ow.jia unusuall y high lo cal^ con forma- . 
tio nal change cap ability. In the PPi synthase, uniquely, the 
loop 15, with the 'duplicated segment', contains a similarly 
■positioned sequence of three glycyl residues, in contrast to 
" just two or one in all other known H + -Ppases (Fig. 3), In 
view of the conformational change mechanism of the ATP 
synthase function [53,54], o__ej ay_ask the juestign_.if.the 
fact that only the PPi synthase of .trie tf + -rTase Jami)y_ may 
junction. physiologically in the PPi s ynthesis direction is n : 
latod t cMhis un kf tipnVsy'.'NoTablyr a'bcIiG seq uencc ha~s re- 
ccotjy beenVsocf as a spacer to allow mimicking the swing of 
the lever arm of a myosin motor [55]. 

It should be pointed out that tn the H*-PPi synthase, a 
mechanism of rotation in energy coupling, similar to that of 
ATP synthase [54]. seems .impossible since the transloca- 
tion and the catalytic site are on the same subunit, as in P- 
type ATPases. The alternative phosphorylation system, gen- 
erating PPi, thus would appear to utilize a fundamentally 
different coupling mechanism from that involved in the ATP 
synthesis. 

Results from high resolution studies of crystals from soluble 
PPases [50] indicate that the second motif, DVGADLVGK, 
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ihffTir. motions, thi^ facilitating the actual biosymheses. Th e 
known PPase families arc briefly described m uoie 1. ' * 

2, The R. rubrum H^-PPi synthase and homologues from 
prok«ryote$ 

A very tightly membrane-bound Cnzymc was found to be 
responsible Tor the PPase and the PPi synthase activity [4] in 
R. ruhrmv The energetic capacity of PPi was further eluci- 
dated when it was 1 possible to drive a reversed electron flow 
with the energy released by the hydrolysis of PPi [5,6], as well 
as to create a membrane potential [32^-34] over both the chro- 
matophore membrane and artificial membranes. It was also 
possible in chromatophores to drive the phosphorylation of 
ADP to ATP in the dark with PPi [8]. The •costl pTPPi infos 
exp eriment was about ei ghtjger ATP synthesized, which leads 
Totne question of th e proton stoichipmetry in PPi* hydrolysis. 
Values obtained vary between 0.5 [10} and' two H* [35,36] per" 
PPi bydrolyzed. Very interesting in this connection is thai in 
plasma membrane vesicles from £ gentianae [27], the hydrol- 
ysis of one ATP yields three PPi and vice versa, three PPi 
yield one ATP, i ndicating a H 4 stoichiq m cfr Tf of one for 
PPi hydrolysis. The isolated and purified emzyme could be 
reconstituted in artificial liposomes with a retained activity 
[37] and whet) co-incorporated with the complete F c Fj com- 
plex from R rubrum, ATP synthesis driven by PPi hydrolysis 
was obtained also in the liposomes [38]. In the bacteria, the 
PPi synthase is situated in the plasma membrane with the 
same polarity as the ATP synthase, with the catalytic site 
towards the cytosol. PPi synthesis and ATP synthesis compete 
for the available proton gradient, at least in isolated chroma- 
tophores [39], The rate of PPi synthesis, at a saturating light 
intensity, is 12-15% of the rate of ATP synthesis. 

The enzyme is extremely hydrophobic, a property which has 
caused considerable difficulty in both the original isolation 
and the determination of the amino acid sequence. Several 
attempts have been made to make a direct analysis on the 
isolated and purified protein, all of which have failed, prob- 
ably due to the high percentage of detergent necessary to keep 
it active in solution. The cloning and sequencing of the gene 
encoding the PPase left one problem unsolved. Two possibil- 
ities for the start codon of the gene appeared, separated by 
126 bp, one yielding a deduced protein of 660 amino acids 
with a molecular mass of 67453 [22], the other giving a struc- 
ture with 702 amino acids with the molecular mass 71609 
(Fig. 1). The two bacterial H 4 -PPase horhologues which 
both contain more than 700junino acids are more similar 
to the longer version of-the & rubrum sequence. So is the 
suggested dimer structure of the R. rubrum PPi synthase 
with a molecular mass of J 67.7 ± 30-7 kDa [40], as determined 
by radiation inactivation. A dimer has also been Suggested 
based on ultrafiltration results [41]. Another argument favor- 
ing the 702 amino acid length is that there arc only 15 pre- 
dicted transmembrane segments in the 660 amino acid struc- 
ture [22]. whereas the 702 amino acid one has 1$, as have all 
the other homologucs in the H + -PPase family.. No striking 
homology with the N^erminals of known H + -PPase$ is 
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Sequence data were obtained through early release from The In- 
stitute for Genomic Research at www.tigr.org and/or through NCB1 

ill www.ncbi. nlm.nih.gov. 



Tabic 1 

Known PPase families 



Family 



Members 



I . TigbUy membrane- 
bound H 4 -pumping 
PPasej 



2. Earlier kno*n family 
of soluble PPajes 



3. Recently found family 
of soluble PPases 



a. Bacterial PPase 



b. Archaeal and bacterial homologues 

c. Vacuolar PPases 

a. Cytoplasmic PPa*es (archaeal, bacterial 
and eukaryotic) 

b. Mitochondrial {and ebloroplast?) 
PPases (probably soluble parts of H 4 
pumps) 

a. Some archaeal and bacterial PPases 



found, bu t a new homoloftue from the Ajmbidopjis_tM iarw 
|Cj^e_J^o^sJ^ . ^S.__ct_ aL^ GcnBank, jaccession 
( ACOQSftZS^-sh o w$ a particular similarity to the R. rubrum 
sequence, both with respect to the complete protein and to 
the N-tcTminal part, unique to its longer version, which is 
used in this paper. A final conclusion about the actual start 
may have to await successful sequencing of the N-terminal 
part of the R rubrum enzyme. 

The Rhodospirillum* Pyrobaculum and Tkertnotoga sequen- 
ces show only about 38-39% identities between themselves, 
which indicates that they are much more diverged from 
each other than the higher plant enzymes are. An intriguing 
question is whether the two prokaryotic H + -PPa$e homo- 
logues will be physiologically active and also capable as PPi 
Synthases as those from R. rubrum and R. viridis [42]. 

3. H + -PP*sea in plant vacuoles 

Tht main role of V-PPases seems to be to participate in the / 
acidification of vacuoles. In tonoplasts from Zea mays L., PPi / 
Synthesis has been obtained in response to a H + -gradient ere- I 
ated by ATP hydrolysis, as well as ATP synthesis in response j 
to a PPi-generated H^-gradient [43]. The dependence of V- / 
PPase activity on K + ions [44] has led to a debated suggestion / 
of V-PPase-mediated physiological transport of K + ions into / 
vacuoles [28]. Also, V-PPases probably occur as dimen in / 
mm [45]. 

f The V-PPasc from Arabidopsh has been heterologous! y < ex- 
pressed in yeast [461. At Jcast tour V-PPases ha ye be en recon- 
stituted in liposomes [47] with a retained activity. Site-directed 



mutatioTi_studies_of Arabidopsis V-PPase expressed in yeast 
have revealed, >ome amino acids of apparent functional irr^- 
portance IU27) located on the cytosohc side immedjateTy 
alter the_prcdicted transmembrane sefiment"£, » pt 'particular 
interest since an E427Q mutant nrir^MtiaUv itrmuire w* 



in terest jinee an E427Q mutant preferentially impairs H 
^ansiQcaliOitrovcT y£i hydrolysis and the 5427P mutant en- 
hances H T translocation [48L B4i7 « Included in a motif, 
-t-YYi, present in all sequenced H 4 " -PPases, except in Pyro- 
baculum, where it is the similar DYYT. D504 is also con- f/ 
served in the H + -PPases and mutant D504N essentially, lacks | 
both PPase activity and H + translocation. — ' 

The first indicated family relationship between vacuolar and 
bacterial H + -PPases was found when antibodies directed* - ? 
against the V-PPase of Vigna radiata cross-reacted with the 
/t riorum PPi synthase [49]. Both bacterial and vacuolar H + - 
PPases show few sequence similarities with soluble PPases. An 
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3 « ™ n *^ L lhe pi "V^ lQQ V* between transmembrane segment S-6 (above) and 15-16 (below) in H + -PPuses, where Ihe part of 



exception is the motif DX 7 KXE [44] in the loop after trans* 
membrane segment 5 which is similar to the active site motif 
EX?_iKXE in soluble PPases [50]. Antibodies directed to this 
motif in V. radiatu V-PPase were recently shown to strongly 
f inhibit the hydrolytic and proton-pumping activity of mem- 
? brane vesicles and the hydrolytic activity of the purified en- 
- C^. zyn^ [51]. Ajpc^^ ^micai inh ibitqrjor H + -PPascs from 
G /? bo^ plants ^andphotobacteria i s aminWethyEmcdrphospho- 

[52]. 1 ■ . 

p ^ Amino acid sequences of algal V-PPases from Acetubularia 

ZZyS* Pabulum [20] and Chara coratlitui [21] have very recently 
^ \ emerged. The A. acetabulum sequence shows approximately 



c 

<3> 



G 



■ ih«s uiciuvuium sequence snows approximately 

as many identities with the & rub mm sequence as with the 
^ one from A. thaluma (see Fig- 2), whereas the C cordlina 
sequence is much more tike that of A. thaliana. A possible. 
link bet ween vacuolar and bacterial H^-PP ases js_ thn new 
h omologue from 4. t futliang . It sh ows more sequen ce jd"&n ti> 
t ies with the the /T n^ru/g JT-PPase (4ft l^HKaT with any 
o rthe v acuolar H+ -PPases (3 3.^37.2%). Furthermore, the 
holnologue'coTlTalflS one of two cysteines of the putative ac- 
, tive site loop of the R. rubrum H + -PPase. The substitution of 
j E in the motif EYYT to K. indicates that the hpraologuemay~ s 



; no longer possess couplingjic&vity. 



j 4. Some further structural and evolutionary aspects 

i 

J The amino acid sequences of the bacterial PPi synthase 
from Rhodospirillum, the homologue from Viermotoga and 
nine published vacuolar -PPases are shown in Fig. 2. Com- 
parisons with' hydrophobic plots show that identical (black- 
ened) and similar (shadowed) residues are particularly abun- 
dant between transmembrane segments, in the loops 5, 1 1 and 
15. 

The homology between all membrane-bound H*-PPascs 
has led to various questions, about common structural prop- 
erties of functional significance and about evolution,, both 
within these urchaeal, bacterial, algal and higher plant en- 



zymes and between this protein family and possibly related 
families, such as membrane-bound ATPases and soluble 
PPases. 

4.1 Within the H^PPtuti family 

Attention is here first restricted to corresponding parts of 
two loops in the PPi synthase from R. rubwnt. A 45 amino 
acid piece from the 57 amino acids in the putative active site 
.loop 5 is compared with a similar part of loop 15, which may 
contain a duplicated and subsequently evolved segment of an 
ancestral version of loop 5. Three motifs of loop 5 are GGG 
DVGADLVGK and DNVGDNVOD U 

The first motif, jjjg_Jrj^g lycyl_seguenee, occur s in all H~- 
PP*3 c_ family membe7Ta ng]^yJ^x^ccted to havT'the po- 
tenttaT T^p royide, tgj he extent that otheT structure rp ro'per-' 
t ics of the enzyme allow,. .an unusual ly high lo cally conforma- 
tional change capability. In the PPi synthase, uniqueiy", the 
loop 15, with the ^duplicated segment', contains a similarly 
positioned sequence of three glycyl residues, in contrast to 
" just two or one in all other known H + -PPase$ (Fig. 3), In 
view of the conformational change mechanism of the ATP 
synthase function [53,54], one_m ay_ask the question if the 
fact that only the PPi synthase of .ttje M + -PPase/amiIx may 
jQid£tiojt^j^o|ojigaJly in the PPi s ynthesis directi on is nf- 
l a ted t o this. uniq'uc'ncssT ' NoIaYlyT'a'GGG seq ucnte"ha*"s "re- 
cently' been used as a spacer to allow mimicking the swing of 
the lever arm of a myosin motor [55]. 

It should be pointed out that in the H'-PPi synthase, a 
mechanism of rotation in energy coupling, similar to that of 
ATP synthase [54]. seems. impossible s-incc the transloca- 
tion and the catalytic site are on the same subunit, as in P- 
type ATPases. The alternative phosphorylation system, gen- 
erating PPi, thus would appear to utilize a fundamentally 
different coupling mechanism from that involved in the ATP 
synthesis. 

Results from high resolution studies of crystals from soluble 
PPases [50] indicate that the second motif. DVGADLVGK, 
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Reference : 

Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer, 
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), 
"Gapped BLAST and PSI-BLAST: a new generation of protein database search 
programs", Nucleic Acids Res. 25:3389-3402. 
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